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1.0 INTRODUCTION AND REFERENCE DOCUMENTS

The purpose of the WRAP h.f...~ipulatorSystem Factory Acceptance Test (FAT) plan is to verify that the WRAP

manipulator components, including rai!Jcmriage, slave arm, master controller and auxiliary equipment, meet the
requirement of the approved range of motion drawings and the non-kinematic aspects of the 14590 specification.

The three reference documents to this one are:

a. PCL Conmact 570190 OM including Specification 14590
b. HV6F Manipulator Acceptance Test PlansiResuks
c, Range of Motion Drawings dated Feb 10, 1995 approved by PCL March 29, 1995.

The overall approach to assembling and testing the four (4) sets of WRAP glovebox manipulator systems is to:

1. First test the eight (8) HV6F manipulator systems (i.e., the slave arm, the valve package, the electronics package
and the master controller) per the reference b. Acceptance Test Plan.

2. Fully assemble the complete WRAP manipulator set for glovebox 102 on the assembly and test f~ture at
Schilling Robotic Systems.

3. Fully test the set of equipment for glovebox 102 per inspection and test plan contained in this document. This
testing will be representative of all four glovebox sets.

4. Verification of proper operation of the remaining three (3) glovebox sets of equipment will be accomplished after
assembly in the gloveboxes nn-site.

The basis for a satisfactory testis that the WRAP manipulator shall meet all inspection requirements, and
demonstrate that the range of mntion and performance requirements are achieved. If corrections or adjustments are
made, the tests shall be repeated until cnmpleted consecutively.

2.0 TEST EQUIPMENT AND TEST PREREQUISITES

2. I Calibrated Test Equipment
m

All measuring devices used in this test to verify performance, dimensional or other specifications shall be calibrated
in accordance with MIL-STD-45662.

Flowmeter, O-5 gpm ~~~ ~0( 9/28/76 ++&

Pressure Gauge, -k 11~38 Y!’zzj% 1[’?[%
0-5000 psig

Digital Calipers O-12“ &&?&?&?&?& ._z%zB~5 5/7176 //27/4?

Multimeter F&@ 593303i4 8/16/% &

2.2. Prerequisite - HV6F Acceptance Test

2,2.1 Veri& that the each nf the eight (8) HV6f manipulators systems have successfully completed acceptance
. ..4.. :Ie+;. & taoo al-ma p-d I-lan& .J n-d-t.. - //4/d

::.=@JPM

2



3.0 TEST PROCEDURES

3.1 ITEM DEFfNITION

3.1.1 Verify that the WRAP manipulator components are in accordance with para 1.04. of the 1459o
specification and that the items listed below (i.e., each loose piece to be assembled on site) has been
permanently identified with a name plate stating at least part number, serial number, manufacturers name
and conwact number. Record each of the serial numbers below.

3.1.2. Verify the workmanship by inspection; there shall be no sharp edges on any exposed surface; that there
are no missing parts, that all threaded fasteners are tight. Fill in serial numbers for the following table

I ] GB 102
I I

HV6F Slave Ann - Right P/i+ 101-2265 //956-1
HV6F Slave arm - Lel? P/N 101-2266 /717? .
Valve Package - Right arm P/N 101-2275 /19s7- I
Valve Package - Left Ann P/N 101-2275 /2/.?7- S
Master Conmoller P/N 10I-2705 1213& -E
Slave Control Electronics - Right Arm PiN 101-2308 /7.143-4
Slave Control Electronics - Left Ann P/N 101-2308 /2/43-1
Control and Instrumentation enclosure P/N 101-2653 165~8 -1

3.1.3. Veri@ by inspection that nameplates of corrosion-resistant metal are permanently attached to the
manipulator horizontal carriage and the hydraulic pump. In addition to the manufacturer’s name, the
following information, at a minimum, shall be included: I) model number, 2) serial number, 3) contract
number and date and 4) date of manufacture,

— I r

GB 102 Hor Carriage

HPU Pump

Signature

e

“’”*

Signature
Date+

3.2. FUNCTIONAL

3.2.1. Preparation: A hydraulic power unit shall be flow regulated to 2000 psi during functional and
operational testing The hydraulic fluid shall be Cosmolubric HF- 122 (E.F. Houghton). Pressure
and flow shall be monitored by line gauges. Prior to the start of the test, the equipment shall be
operated for ten minutes to allow the temperature of the fluid to stabilize. All fictional testing is to
be performed with no payload in the jaw end effecter unless otherwise specified.

3.2.2 Verify by test that the manipulator horizontal camiage is free to translate from one end of the
horizontal rail to the other end without resistance. Measure the travel stroke:

Travel Stroke 142 k Stroke shown GB 102 Dwg 050-0645 = 140 in

si~~a~e~ Date&

3



3.2.3. Verify by test that the master controller positioning carriage is free to translate from one end oftbe
horizontal rail to the other end without resistance. Measure the tiavel stroke.

.

Signature DateJ!/ZZ!%

3.2.4. e free to translate from one end of the vertical rail to the other end
without resistance. Measure the travel stroke,

%. Stroke shown in GB 102 Dwg 050.0645 = 36.5 in

z:mDa.J!ZZ(!Z

&.5>sm& 41.WII in GB 102 Dwg 050-0645 =36.5 in

@

Letl Aim Travel

Signatme
Date&

3.2.5 Verify that each joint of the HV6F has full dexterity (i.e., can be commanded to move throughout its
full range of motion) .- “-7

GBI02 Right Arm Signature ‘ Dat.&

*

. .

Let? Arm Signature ‘ D,teti

3.2.6. Actuate each degree-of-tieedom of the HV6F manipulator independently of the others, throughout its
range of motion, ten times at maximum

GB 102 Right Arm Shoulder Roll

Shoulder Pitch

Elbow Yaw

Wrist Yaw

Wrist Rotate

GBI02 Lefl Ann Shoulder RoO

Shoulder pitch

Elbow Yaw

Wrist Yaw

Wrist Rotate

joint angular rate.
/“ ‘\

Signature

Signature

Signature

Signature

Signature

Signature

Signature

Signature

Signature

Signature

3.2.7. Verifi by test that two dynamic modes are provided; a fast MlOperatiOnandaslOw
mode for tasks requiring slower speeds.

GB 102 Right Arm Signature
:*

Lel? Arm Signature IZ9%

4



3.2.8.

3.2.9.

3,2.10.

3.2.11.

3.2.12.

3.2.13.

3.3.

3.3.1.

Verify by test that two wrist control modes are provided; a position control mode providing accurate
indexing oftbeend eKector mdavtiable rate continuous mode fortasks requiring mukiple rotation
of the end effecter.

GB 102 Right Ann Signature

*

:*
14

Left Arm Signature

Verify that three jaw control modes are provided; An open mode shall maintain the jaws open until
the operator deflects tbe jaw switch, a toggle mode where deflecting the switch will open the jaws and
retoggling the switch will close the jaws and a position mode which allows incremental closing of the
jaws with the ability tofu the position of the jaws by rele the switch.

GB 102 Right Ann Signature ..te&

Lefi Arm
si.a.e~ ..,,-

Verify by test that a freeze mode electronically freezes the entire HV6F slave arm in the position it is
in when the freeze mode is entered.

GB 102 Right Arm Signature

*

Date 1/=/7+

Left Arm Signature
.ateti

Verify by test that the master controller is able to freeze “dual joints of the HV6F SIWe -.

GB 102 Right Arm Signamre

& ![6

Date&

Lefl Arm Signature Date I z? ~

Verify by test that the stow mode returns the HV6F to a predetermined stowed posit”on via a pathway
of up to 5 predetermined points,

GB 102 Right Arm Signature

*

h
Date / z% ?

Letl Arm Signature
D.,*

Verify by test that the teach mode enables operators to rogmrn movements into the controller that
the HV6F slave arm will repeat at a later timeby repro~ a new stow position,

‘efiAm z:e:ti

GB 102 Right Arm

PERFORMANCE TESTING

Each slave arm shall pick up and hold an object weighing46,0.~.2 Ibs at full extension

GB 102 Right Ann Signature

&

Date~b

Lefi Arm Signature “ .ateti

5



3.3.2.

3.3.3.

3.3.4.

3.3.5,

3,3.6.

3.3.7.

3.3.8.

3.3.9.

Measure the quiescent flow and flow rate while slewing the HV6F rapidly

byGB 102 P#_ Ps ~~ s@.-@< Da.&

Activate each DOF of the HV6F independently of the others throughout iLsentire range of motion ten
times with 60 f2 Ibs payload

GB 102 Pq ~&Ps .2&7 %w.. @“”’~,k l/&/q~

Verify by test that two dynamic modes are provided; a fast mode for normal operation and a slow
mode for tasks requiring slower speeds, with 60 t 2 Ibs of wei t held by the jaw end effecter

GB 102 Right Ann Signature

&

Date&%

Left Ann Signature ‘
“’”-

Veri@ by test that a freeze mode electronically freezes the entire HV6Fslave arm in the position it is
in when the freeze mode is entered, with 60 ~2 Ibs of wel

GB 102 Right Ann - “T”e:en%

Letl Ann z%!J- Date +.,%

Verify by test that the master controller is able to freeze individual joints of the HV6F slave arm, with
60 ~2 Ibs of weight held by the jaw end effecter

GB 102 Right Arm Signahue

&

i .at.u%

Left Arm Signature Date ++~

Verify by test that the stow mode returns the HV6F to a predetermined stowed position via a pathway
of up to 5 predetermined points.

GB 102 Right Arm Signature

*

9
D“&

Left Arm Signature DateJZll!Z2

Verify by test that the teach mode enables operators to program movements into the controller that
the HV6F slave arm wiIl repeat at a later time by reprogramming a new stow position,

GB 102 R@t Ann Signature

*

l’)’

Lefi Arm Signature

Verifv that the manimdator can retrieve and stow the broom tool

GB 102 R@ Ann Signature

Left Ann Signature
*



Wf-- 50- W@Lb. ~ ,j/ 020, f+%j o [age 2C

3.3.10. Verify that the manipulator can retrieve and stow the shovel to

GB 102 R@ Arm Signature

s

:&
12

Letl Arm Signature ?

3.3.11. Verify that the manipulator can remieve and stow the knife tool

GB 102 Right Arm Signature

s

“’”U

Lefi Arm Signature
“’t’-

3.3.12. Verify that the manipulator can retrieve and stow the squeegee tool.
II

3.3.13

3.3.14

3.3.15

4.0

4,1

4.1.1

4.2

4.2.1

GB 102 Right Arm Signature

s

Date ~ * ~

Let7 Ann Signature eDate I z? ?~

Place a 100 lb weight on the master control, Verify that no hardware damage occurs.

s@.e+@J,e&~

Verify that the master control console provides 6 inch of vertical adjustment

‘i’namre&Da’e@

Verify, by monitoring the signal at the appropriate terminal within the Control and instrumentation
Enclosure, that the Iiiit switches function for right and Ietl horizontal motion and raise and lower
motion for each of the two vertical carriages

CONCLUSION s@e&”a%@@

QA EVALUATION

General statement as to whether the manipulator system hasfhas not met the objectives of this

~W;u~:@4~’”

Signature

~a fa~fi vt.1-t=d b +ke ,~$- ‘J
-’” ““~ -%-~ 7$: PCL +0 L.& -~’%

ENGfNEEfUNG EVALUATION

General statement as to whether the manipulator system haw’hasnot met the objectives of this

Signature



4.3 TEST COMPLETION

4.3.1 The manipulator syskn has successfully completed Acceptance Testing.

Signahue Date ‘[z%

Manager, Schilling Robotic Systems, Inc.

‘i”am* Da”‘“Z’””
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S.0. No.: 7731 Date: / 20 ?&

1. PURPOSE

The purpose of this predelive~ test is to verify that the HV6F manipulator system to be delivered to PCL
Construction Services meets the requirements of purchase order number 5701900M and the Schillicg
Development Quality Assurance Program. The following is a summary of the mejor items included aa
part of this order

llq5b-3 12 /39-/
. HV6F Slave Arm, P/Ns 101-2265 (Right Hand), and 101-2266 (Lerl Hand), S/N

. Ma.sler Consolette with Dual Master Control Arms and Electro ice, P/N 101-2234, SIN //~ 55-Z
~i3h+(llq=-3> 1.9+ /,2,37-(

. Valve Package Assembly, each with 6 servovalves, P/N 101-2275, S/N
R&/L& / Iqse - I L4+-11’ta-d

. Slave Controller including electronics, P/N 101-2308, S/N ~

. Junction Box, PIN 101.2159, SN // 828-2

2. SUPPORTING DOCUMENTS

Purchase Order No. 5701 900M
SDI Bill of Material 300-0306A and/or B
SDI Sales Order No. 7731

3, TEST DESCRIPTION

The following sections descriix the testing 10 be perfonmad to veri~ certain features and functional
requirements of the system being delivered. All teata are to be performed with required electrical input
and 2000 psi hydraulic pressure.

3.1 System Components (SDI Raq’t)

Verify by checking that all of the components of the system called for on the Bill of Material are present,

G
OK? Yes No Comment

3,2 Physical Dimension Requirements (SDI Reql)

3,2,1 Arm Length (SDI Reql)

Measure and record the length of the slave arm to the canter of the jaw gripping surfaces,

36+/-1 inches & ‘i?~k+ s~” Lc$+ 36

3.2.2 Jaw Capacity (SDI Reql)

Measure and record the separation of the jaw gripping surfaces wiren the jawa are fully .opan,

3.0+/-0.1 inches & ~. ~. ~= 3 “



3.2.3 .lf!w CiOSUIW (PCL Raql)

Verify by ~ewng that the end effecior mntairsa hard.stope fiti prevent the jaws from closing
completely agains each oth:r. The jaw% 9rippin9 surfaus shall be padded with robber sheeting held in
place by side c@.

3.3 Materials and Workmanship

3.3.1 Materials (SDI Req’f)

Verify by checking that all exposed surfaces of the slave arm and slave controller are of corrosion
resistant materials and that the slave am segments have a Iov+glare anodized finish.

Q
R

OK? es No Comment OIL &

3.3.2 Workmanship (SDI Re.$t)

Verify that there are no sharp edges on any exposed surfaces, and that there are no missing parts, that
the hose routing is mrrect and that all threaded fasteners are tight.

a

-Z ‘~

OK? es No Comment OIL Oc

3.3.3 Marking/Identification (SDI Reql)

Verify that each significant hardware item is identified with %hilling logo, name, and serial number.
These items include slave arm, master controller, slave controller, valve manifold, and j-box.

3.4 Operation

3.4.1 Bum In (SDI Raq’t)

Operate the system in all modes for at least 30 minutes.
operation.

Record any abnormality in system

OK? @ No Comment ‘j?=ok L =0<



3.4.2 Range of Motion (PCL Nominal Reql - SDI Tolerance)

Each degree-of-freedom O; the Manipulator Assembly shall be actuated 10 times and “Rarange of motion measured,
The rewnkd values shall be compared to those spedfied below. The range of motion shall meet or exceed the
specified values.

Joint Range (degrees)
?

Shoulder Roll: 90 degrees min., * 5“ Actual & .a ;.: ,,=
Shoulder Pitch: 90 degrees min., k 5° Actual &,5
Elbow Svhg 120 degrees min., i 5“
Wrist Yaw

Actual 115.AJ
,,5,5 52:

120 degrees min., * 5° Actual / 16.7
Wrist Rot.(slaved)

1 IL.5
270 degreea min., + 50”1- 5s Aciual Z7&.5 284. ~

Wrist Rot.(cord,) Unlimited both directions o< .$7

3.4,3 Slew Rate

Each degree-of-freedom shall k aciuated 10 times and its sJew rate measured. The rmded values shall be
compared to those specified below. The minimum slew rate shall enable satisfactory operator performance. The
ma”mum slew rates shall be as specified below. @V/cccl

R
w /cc d

3
i Joint

1-
Maximum Slew Rate (degrees per second)

~ ~~~ ~“:~<~.{ Shoulder Roll: 300 degreeskecand. AUual

(~~ qJJ::, // Shoulder Pitch: 300 degrees/second. Actual

,/++- Elbow Swing 400 degreasJaecond. Actual

q,f ( r’:: Wrist Yaw. 600 degreeslsecond.

/’

Wri.d Rot,(cont.) 90 revolutions/minute %1~ 74/70
~,=, (CJ ~<

3.4.4 Payload (PCL Reql - SDI Tolerance)

Verify that the slave arm, with standard parallel acting jaws installed, is capable of IiRing and holding a
60 * 2 lb payload at full arm extension.

3 f-,

OK?@ No Comment bl,5 58.&
OIL o/2

3.4.5 Jaw Closure Force (PCL Reql)

Both end effedors shall be opened and dosed 10 times at the maximum gripping force. The recorded values shall
be within 250,6of the 200 ~unds.

(/;!. ~’;,” ,, /

t

OK? ~~ Comment ,&/b, ~lb>

~... .. .,1. 1+ 203

4’”’”] 34.6 PowerRequirements (F’CLReq’f)

VOfl~ electrical power inputs are to customer requirements. Customer requires 110 VAC, l-Phase,
60Hz to the slave controller, and 110 VAC to the master consolette.

OK? (@No Comment



3.5 Software Functions (PCL Req’t)

Each of the rxmtml modes spedfied below shall be tested to verify functionality. The tests shall be c.ondumd under
the f0110Win9Wnditionq

.’

1. Jaw End Effedor shall be canying 60 lb objed

2. Each degree-of-freedom of the Manipulator Assembly shall be aduated to its ends of travel.

Dynamic Modes Two dynamic modes shall be provided. A “Fast Mode” for normal operation and a ‘SIOW Mode- fol
tasks requiring slower speeds.

OK?~10 commentL~~

L
OIL

Wrist Mode: Two wri.sl control modes-shall be provided. A ‘Position Control Mode” providing accurate indexing of
the end effecior and a “Variable Rata Continuous Rotation Mods” for tasks requiring multiple rotation of the end
effecter in either dire~ion.

o

%~

OK? es No Comment C% @&@.,A.tG.’ OBdrul)

Three Jaw mntml modes for the Parallel Jaw end affecfor shall be provided. An “Open Mode’ shall
maintain the jaws open until tha operator deflects the jaw switch (i.e. as long as the switch is held in a
deflected position tha jaws will ramairr dosed). A Toggle Mods” will be provided wtrare deflecting the
switch once will open the jaw%and retoggle will close the jaws. A “Position Mode” which shall allow
incremental dosing of the jawa with ability to fw the posiiion of the jaws by raleasing switch, will be
provided.

OK? @No comment

R~
OK 0 L

Freeze Mode: The “Freeze Mode” electronically freezes the entire Slave’Amr in the position it ia in whan the freeze
mode is entered. The Master Controller shall be able to freeze individual Slave Arm joints,

o
%1-

OK? es No Comment 01<.J, C9c

The ‘Stow Mode’ returns the Slave Arm to a pre-determined stowed position, The Slave Arm shall return to this pre-
determined position via a pathway of up to 5 pre-determined points. This shall b concluded without the payload,

OK@”O comment

R L
o\L O(C

The Teach Mode” shall be provided for operators to program movements into the controller that the Slave Arms will
be required to repeat at later times (e.g. return to a stowed position). This shall be ccmduded without the payload.

4. AcceptanceSignoff~~ ‘~

Refer to “EXECUTION AND TEST APPROVA~ form attached (V-W-026-C1; 0165$A-1; 6/19 Rev.)

W(21M-- ?os. r(o@

?16m’-= - 0701 -7i-~64

~w: “ 0C77 —7+ 0675
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S.0. No.: 7731

1. PURPOSE
.. .

The purpose of this predelivety testis to verify that the HV6F manipulator system to be delivered to PCL
Construdion Services meets the requirements of purchase order number 5701900M and the Shilling
Development Quality Assurance Program. The following is a summary of the major items indudad as
part of this order

/lTs&-z /21 39-$
. HV6F Slave Arm, P/Ns 101-2265 (Right Hand), and 101-2266 (Lefl Hand), S/N

. Master Consolette with Dual Master Control Arms and Electronics, P/N 101-2264, S/N ) j 9=- j
~[~h+> 11957-Z L&: /z137-q%

. Valve Package Assembly, each with 6 servovalves, P/N 101-2275, S/N
~?~h+. //95g-Z

. Slave Controller including electronics, P/N 101-2306, S/N
L’$+~~

J1758 “3

. Junction Box, PIN 101-2159, SIN /~@~’(

2. SUPPORTING DOCUMENTS

Purchase Order No. 5701 900M
SDI Bill of Material 300-0306A and/or B
SDI Sales Order No. 7731

3. TEST DESCRIPTION

The following sections describe the testing to be performed to verify certain features and functional
requirements of the system being delivered. All tests are to be performed with required electrical input
and 2000 psi hydraulic pressure,

3.1 System Comfmrents (SDI Reql)

Verify by checking that all of the components of the system called for on the Bill of Material are present

o
OK? es No Comment

3.2 Physical Dimension Requirements (SDI Reql)

3,2.1 Arm Length (SDI Req’t)

Measure and record the length of the slave arm to the center of the jaw gripping surfaces,

36+/-1 inches _ %’~~k = EL* L@--:zh”

3.2.2 Jaw Capacity (SDI Reql)

Measure and remtd the separation of tha jaw gripping surfaces when the jaws are fully open.

3.0+/-0. 1 inches _ p,’@+ 3%2”



3.2.3 Jaw Closure (PCL Raq’t)

Verify by checMn9 that the end effecter cantaina hardatopa which prevent the jaws from dosing
completely against each o@r. The jaw’s gripping surfaces shall be padded with rubber sheeting held in
place by side dips.

~&+ Le$+

OK? Yes No Comment ~wbhu ~~a (!oA~ ~ ~ OK

3.3 Materials and Workmanship

3.3.1 Materials (SDI Req’t)

Verify by checldng that all exposed surfaces of the slave arm and slave mntroller are of corrosion
resislant materials and that the slave arm segments have a Iowwrlare anodized finish.

OK? Yes No Comment
RL
01< OK

3.3.2 Wor&manship (SDI Req’t)

Veri~ that there are no sharp edges on any exposed surfaces, and that there are no missing parts, that
the hose routing is carrect, and that all threaded fasteners are tight. QL

OK? Yes No Comment 01< OK

3.3.3 Marking/Identification (SDI Req7)

Verifj that each significant hardware item is identified with Schilling logo, name, and serial number.
These items include: slave arm, master mntroller, slave cmtroller, valve manifold, and j-bax.

~=~~ ~L.=&
OK? Yes No Comment

3.4 Operation

3.4.1 Bum In (S01 Raql)

Operate the system in all modes for at leas 30 minutes. Retard any abnormality in system
operation.

OK? Yes No Comment I=OL ~. C)K



3.4.2 Range of Motion (PCL Nominal Reql - SDI Tolerance)

Each degree-of-freedom o~the Manipulator Assembly shall be actuated 10 times and its range of motion measured.
The rewrded valuea shall be compared to those specified below. The range of motion shall meet or exceed the
specified values.

Joint Range (degrees) a

I Shoulder Roll: 90 degrees min., * 5“
=&. 5

Actual ~a. 7 &g
~?q Shoulder Pitch: 90 degrees min., i 5“ Actual 8&7 Q&.?

z~.7 Elbow Swing 120 degrees min., * 5°
Wrist Yaw

Actual (13. z 115.7
120 degreea min., * 5“ Actual //6. 3

Wri.sl Rot.(slaved) 270 degreea min., + 50% 5“
116.7

Actual 27’9. @
4 /<,7 Wrist Rot.(mnt.) Unlimited bdh directions fi<

=.3 ‘

3.4.3 Slew Rate

Each degree-of-freedom shall be acWaWt 10 times and its slew rate measured. The recorded values shall be
mmpared to those spedtied below. The minimum slew rate shall enable satisfactory operator perf rmance. The
maximum slew rates shall be as specified below. C!@ /w C@?tiw

z L
Joint Maximum Slew Rate (degrees per second)

,4

Shoulder Roll: 300 degreeaisecnnd.
Shoulder Pitctc 300 degreeahecond,
Elbow Swing 400 degreesJeecond.
Wrfst Yaw 800 degreealsecnnd,
Wrist Rot.(cent,) 90 revolutions/minute

3.4.4 Payload (PCL Reql - SDI Tolerance)

Actual
Actual
Actual
Aclual ‘
Actual- 4-

Verify that the slave arm, with standaid parallel ading jaws installed, is capable of lifting and holding a
60 * 2 lb payloa}at full arm extension.

o

x
OK? es o Comment %.6 &b

0< OE

3.4.5 Jaw Closure Force (PCL Req’t)

Both end effecters shall be opened and closed 10 times at the maximum gripping force, The remrded values shall
be within 25% of the 200 pwnds.

o

R

OK? Y& No Comment &4

/s2-

3.4.6 Power Requirements (PCL Req?)

Verify eledricel power inputs are to customer requirements. Customer requires 110 VAC, l-Phase,
60Hz to the slave cmtroller, and 110 VAC to the mastar carrsolette.

OK? @No Comment

3“. /~3 Z-so
. ,Y. .I77



3.5 software Functions (PCL RaqY)

Each of the control modes specifrad below shall be tested to verify functionality. The tests shall be crmduded under
the followfng mnditiorr~

,..

1. Jaw End Effedor shall k carrying 60 lb object.

2. Each degre~of-freedom of the Manipulator Assembly shall be actuated to its ends of travel.

Dynamic Modes: Two dynamic modes shall be provided. A ‘Fast Mode- for normal operation and a ‘Slow Mcde” for
tasks requirtng slower spaads. 1? L

--) OK f2JkL
OK??,, No Comment

Wrist Mode: Two wrist control modes shall be provided. A ‘Position Control Mode” providing accurate indexing of
the end effecter and a “Variab[e Rate Continuous Rotation Mode” for iask.s requiring multiple rotation of the end
effecter in either direction. ~L.

oK?f@WO comment
C& OK

Three Jaw control modes for the Parallel Jaw end effecter shall be provided. An ‘Open Mode” shall
maintain the jaws open until the operator deflects the jaw switch (i.e. as long as the switch is held in a
deflected pxition the jaws will remain dosed). A Toggle Mode” will be provided where deflecting the
switch once will open the jaws and retoggle will close the jaws. A “Position Mode” which shall allow
incremental closing of the jaws with abiliiy to f~ the p@tion of the jaws by releasing switch, will be
provided. 2 L.-

COK? ;+o Comment OK 0<
. .

Freeze Mode: The ‘Freeze Mode’ electronically freezes the entire Slave”Amn in the position it is in when the freeze
mode is entered. The Master Controller shall be able to freeze individual slave Arm joints,

OK’(E+’comment
K
OIL (54_

The “Stow Mode” returns the Slave Arm to a predetermined stowed pasition. The Slave Arm shall return to this pre-
determined position via a pathway of up to 5 predetermined points, This~hall be conducted without the payload.

The Teach Mode” shall be provided for operators to program movements into the ccmtroller that the Slave Anms will
be required to repeat at later times (e.g. return to a atowed position). This shall be conducted without the payload.

@
RL OK

OK? e No Commant a~

4. Acceptance Signoff. +;> ,/zl /q’ 31c22 rzs 00~ ~~~~.d

L —

Refer to “EXECUTION AND TEST APPROVAL’ form attached (V-W-026-CI; 01655-A-1; 6/19 Rev.)
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s.0. No.: 7731

1. PURPOSE

The purpose of this predelivev test is to verify that the HV6F manipulator system to IM delivered to PCL
Construction Sewices meets the requirements of purchase or@arnumber 5701900M and the Schilling
Development Quality Assuram% Program. The following is a summary of the major items included as
~art of this ordec

.

●

●

✎

✎

I I 9s6-4 /2 139-4
HV6F Slave Arm, P/Ns 101-2265 (Right Hand), and 101-2266 (Leff Hand), S/N

Mastar Consolette with Dual Master Control Anna and Electr nits, P/N 101-2264, S/N IZ1=-]
X$hi-- llq57-4 Le~ - 12)37-A/

Valve Package Assembly, each with servovalves, P/N 101- 75, S/N
x,~h+ -12143-3 L=E. /2/43 -2

Stave Controller including electronics, P/N 101-2308, S/N

Junction Box, P/N 101-2159, S/N N/!+

2. SUPPORTING DOCUMENTS

Purchase Order No. 5701900M
SDI Bill of Material 300-0306A and/or B
SDI Sales Order No. 7731

3. TEST DESCRIPTION

The following sections describe the testing to be performed to verify certain features and functional
requirements of the system being delivered. All tests are to be performed with required electrical input
and 2000 psi hydraulic pressure.

3.1 System Compments (SDI Reql)

Verify by checking that all of the mmpcments of the system called for on the Bill of Material are present

aOK Yes o Comment

3.2 Physical Dimension Requirements (SDI Req’t)

3.2.1 Arm Length (SDl Reql)

Measure and retard the length of the slave arm to the center of the jaw gripping surfaces

36+/-1 inches ~K ~‘ 34Q
~, 3~”

3.2.2 Jaw Capacity (S.1 Reqt)

Measure and recmd the separation of the jaw gripping surfaces when the jaw are fully open.

30+/-0.1 inches ~%” ~ ’32 ~, 3 %2’



3.2.3 .kiw CiOSUn (PCL Rsq’t)

Verify by checking that the end effeclor cantaina hardstops which prevent the jawa from dosing
mmpletely against each o!her. The jaw’s gripping surfaces shall be padded with robber sheeting held in
place by side clips,

o

R’ ~~ L-= 0<

OK?<es o Comment

3.3 Materials and Workmanship

3.3.1 Materials (SDI Reql)

Veri~ by checking that all exposed surfaces of the slave arm and slave mntroller are of corrosion
resistant materials and that the slave arm segments have a low-glare anodized finish.

“e” comment z= fJ/< I-=CK

3.3.2 Workmanship (SDI Rsq’t)

Verify that there are no sAarp edges on any exposed surfaces, and that there are no missing parts., that
the hose routing is correct, and that all threaded fasteners are tight.

G

~’ ~(~ j_z fi~
OK Yes o Comment

3.3,3 Marking.lldenthlcstion (SDI Rsqt)

Verify that each significant hadware item is identified with Schilling logo, name, and serial number.
These items include: slave arm, ma.sler cmstroller, slave cantmller. valve manifold, and i-box.

oOK? Yes o Comment
~=oK’ “L= ~~

3.4 Operation

3.4.1 Bum In (SDI Raql)

Operate the system in all modes for at least 30 minutes. Retard any abnormality in system
operation.

o

2=M 1= cl<
OK? Yes o Comment



3.4.2 Range of Motion (PCL Nominal Req’t - SDI Tolersnc@

Each degree-of-freedom 61 ihe Manipulator -mbly shall be aduated 10 times and m range of motion measured
The recorded values shall be compared to those specified bSIOW. The range of motion shall meet or exceed the
specified values.

Joint Range (degrees) --~ . . “:

Shoulder Roll: 90 degrees min., * 5° Actual 88. Z
Shoulder Plm. 90 degrees min., * 5“ Adual~~ 8??

# PAW:?
120 degrees min., * 5°
120 degrees min., * 5“ :%% ;;3:5

Wrist Rot.(slaved) 270 degrees min., + 507-5° Aciual Zf3 S 4735 -7z~

Wrist Rot.(ccmt.) Unlimited bath diredions CSK ok

3.4.3 Slew Rate

Each degree-of-freedom shall be actuated 10 times and “b slew rate measured. The recorded values shall b
compared to those specified below. The minimum slew rate shall enable satisfactory operator performance. The
maximum slew rates shall be as specified below.

&
d

Joint Maximum Slew Rate (degree$pW secmd)
cd/~w

Shoulder Roll: 300 degrees/saxmd. Actual
Shoulder Pitch: 300 degreeakecxxsd. AdUal
Elbow Swing 400 degresskscmnd. Adual
Wrist Yaw 600 degreeskxond. Adual “
Wrist Rot.(ccmt.) 90 revoltilonalminute Actual~~ 77/%

3.4.4 Payload (PCL Req’t - SDI Tolerance)

Verify that the slave arm, with standa~ parallel ading jaws in.dalled, is capable of lifting and holding a
60 i 2 lb payload at full arm extension.

a

R

OK Yes No Comment %. G kO:b

OK OR

3.4.5 Jaw Closure Force (PCL Req’t)

Both end effedors shall be opened and dosed 10 times at the maximum gripping force. The recmfed values shall
be within 25% of the 200 pounds.

~;~L’~

OK? @No Comment 325

3.4,6 Power Requirements (PCL Reql)

Verify eledricei power inputs are to customer requirements. Customer requires 110 VAC, l-Phase,
60Hz to the slave catroller, and 1f OVAC to the master cor!-solette.

oOK? Yes No Comment



3.5

Each of the cnntrol modes specified below shall be tested to verify fundionality. The tests shall be conducted under
the following conditions;

1. Jaw End Effecter shall be carrying 60 lb object

2. Each degree-of-freedom of the Manipulator Assembly shall be actuated to its ends of travel.

Dynamic Modes Two dynamic modes shall be provided. A “Fast Mode” for normal operation and a “Slow Mode- for
tasks requiring slower speeds.

o

R=dkl. L=@<

OK? es o Comment

Wrist Mode: Two wrist control modes shall be provided. A ‘Position Control Mode” providing accurate indexing of
the end effecter and a “Variable Rate Continuous Rotation Mode” for tasks requiring muitiple rotation of the end
effecter in either direction.

o

X=OK L= QK
OK Yes o Comment

Three Jaw CJJntrolmodes for the Parallel Jaw end effecter shall be pmvlded. An “Open Mode” Mall
maintain the jawa open until the operator defleds the jaw switch (i.e. es long aa the switch is held in a
deflecied position the jawa will remain dosed). A Toggle Mcde’ will be provided where defleding the
switch once will open the jaws and retoggle will close the jaws. A “Position Mode” which shall allow
incremental closing of the jaws with ability to fw the position of the jaws by releasing switch, will be
provided.

~=@& L= ~~

OK?@No Comment

Freeze Mode: The “Freeze Mode” electronically freezes the entire Slave Arm in the pasition it is in when the freeze
mode is entered. The Master Controller shall be able to freeze individual Slave Arm joints.

m

~.~~ L%*
OK? Yes o Comment

The ‘Stow Mode- returns the Slave Arm to a predetermined stowed position. The Slave Arm shall return to this pre-
determined position via a pathway of up to 5 predetermined pointa. This shall k conducted without the payload.

aOK? es o Comment
R=af< L=C9K

The Teach Mode” shall be provided for operators to program movements into the controller that the Slave Arms will
be required to repeat at later times (e.g. return to a stowed position). This shall be concluded without the payload.

d
OK? es No Comment %= a% 1--” O(L

4. Acceptance Signoff ~y ~~em ‘-+S ‘~=’
ew-=..p+Gr ~ 3.A/.z dn-a+yti

@ ,/22!% ?sLw rdcz A pe&<fld

Refer to “EXECUTION AN PROVAL’ form attached (V-W-026-CI; 01655-A-1; 6/1 9 Rev.)
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[-/ti~- ‘>{). VJ@tb.~ (K’- ~[p, h’tv (> Ajd 38

Date: I ~ 7[Q

f. PURPOSE

The purpose of this predelive~ teat is to veri~ that the HV6F manipulator system to be delivered to PCL
Construction Ser#ices meets the requirements of purchase order number 5701900M and the Schilling
Development Quality Assurance Program. The following is a summary of the major items included as
Dart of this order

.

●

●

✎

✎

11956- I )z13q.3

HV6F Slave Arm, PiNs 101-2265 (Rght Hand), and 101-2266 (Left Hand), S/N

Master Consolette with Dual Master Control Arms and Electronics, P/N 101-2264, S/N /!!/z -Z
Rtal)+ = //q57-l Lf% /2137-3

Valve Package Assembly, each with 6 sarvovalvea, P/N 101-2275, S/N
X’;~h+-=/Z)~sq ~ew /2/43./

Slave Controller including eleclronice, PIN 101-2308, S/N

Junction Box, P/N 101.2159, m </A

2. SUPPORTING DOCUMENTS

Purchase Order No. 5701 900M
SDI Bill of Material 300-0306A and/or B
SDI Sales Order No. 7731

3. TEST DESCRIPTION

The following sections describ the testing to lx? performed to verify certain features and functional
requirements of the system being delivered. All tests are to be performed with required electrical input
and 2000 psi hydraulic pressure,

3.1 System Components (SDI Reql)

Verify by checking that all of the mmWnenta of the system called for on the Bill of Material are present.

&
OK? e~ No Comment

3.2 Physical Dimension Requirements (SDI Reql)

3.2.1 Arm Length (SDI Req?)

Measure and record the length of the slave arm to the center of the jaw gripping surfaces.

36+,-1 ,n*e, & x. 36’ L=3&””

3.2.2 Jaw Capacity (SDI Reql)

Measure and record the separation of the jaw gripping surfaces tien the jaws are fully open.

3.0+1-o.1 inties @~~ R x 3 ~~
L= 3Y3z



.3.2.3 Jaw CIOSUm(PCL Req7)

Verify by checking that the end effecter contains hardatopa whkh prevent the jaws from dosing
completely against each olh-er. The jaw% gripping surfaces shall be padded with rubber sheeting held in
place by side clips.

o
OK? Yes o Comment ~b ~~>

3.3 Materials and Woilunanahip

3.3.1 Materiala (SDI Raql)

Verify by checking that all exposed surfaces of the slave arm and slave controller are of corrosion
resistant materials and that the slave arm segments have a low-glare anodized finish.

OK? @o Comment

~ 3.3.2 Wortonanship (SDI Reql)

Veri~ that there are no sharp edges on any expaaed surfaces, and that there are no missing pafi, that
the hose routing is correct, and that all threaded fasteners are tight.

o

Rcok L= ~

OK? es o Comment

3.3.3 Maddnglldentification (SDI Reql)

Veri~ that each significant hardware item is identified with Schilling logo, name, and serial number.
These hems include: slave arm, master controller, slave controller, valve manifo[d, and j-box.

OK?@No Comment

3.4 Operation

3.4.1 Bum In (SDI Req’f)

Opetate the system in all modes for at least 30 minutes. Recad any abnormality in system
operation.

aOK Yes No Comment



13-7

3.4.2 Range of Motion (PCL Nominal Reql - SDI Tolerance)

EacX degree-of-freedom of the Manipulator Assembly shall be actuated 10 times and its range of motion measured
The recmded values shall be compared to those spedfied below. The range of motion shall meet or exceed the
specified values.

Joint Range (degrees)
~;$l-!-

Shoulder Roll: 90 degrees min., * 5“ Actual 8% 57.$ I3.7
Shoulder Pitch: 90 degrees min., i 5° ArAual W.. q

%

m.

+&Jw’a!a!avq g %J~= & : ~o, so WI -
//6.2

., - Actual 5.7 J[b.b

Wrist Rot.(mnt.) Unlimited both directions 282.1

3.4.3 Slew Rate

Each degree-of-freedom shall be actuated 10 times and its eJewrate measured. The mcaded values shall be
mmpared to those specified below. The minimum slew rate shall enable satiiactoiy operator performance. The
maximum slew rates shall be as specified below.

cd/@ Clda%j

Joint Maximum Slew Rate (degrees per second) LeJ?t

Shoulder Roll: 300 degreeslsecnnd, Actual
Shoulder Pitch: 300 degreeehecond. Aclual
Elbow Swing 400 degreeslsecand. Actual
Wrist Yaw 600 degreeahecond.
Wrist Rot.(cent.)

‘omvolutiowminme =:* ~2/~

3.4.4 Payload (PCL Reql - SDI Tolerance)

Veri~ that the slave arm, with standard parallel acting jawa installed, is capable of lifting and holding a

60 * 2 lb payload at full arm extension.
R =0< L5;o:

OK? @ No Comment %.& “

3.4.5 Jaw Closure Forca (PCL Req’t)

Both end effectom shall be opened and dosed 10 times at the maximum gripping fort%. The recorded values shall
be within 25”/0 of the 200 punds.

2

0

271* -!0%(
OK Yes o Comment

;/./3 “km,

~5 “Id 181 ~li=u>

3.4.6 Power Requirements (PCL Req’t)

Verify electrical power inputs are to customer requirements. Customer requires’
60Hz to the slave controller, and 110 VAC to the master conaolette.

@
OK? e No Comment

10 VAC, l-Phase,



.-, -

3.5 Software Functions (PCL Reql)

Each of the mntml modes spadfied below Shall be tested to Verim funuionality. The tests Shali be wnduaad under
the f0110Win9conditions

1. Jaw End Effecter shall be carrying 60 lb object.

2. Each degree-of-freedom of the Manipulator Assembly shall be acluated to its ends of travel.

Dynamic Modes: Two dynamic modes shall be provided. A ‘Fast Mode” for normal operation and a “Slow Mode- for
tasks requiring slower speeds.

a

~dlL L=clk.

OK? es o Comment

Wrist Mode: Two wrist control modes shall be provided. A ‘Position Control Mode” providing accurate indexhg of
the end effecter and a “Variable Rate Continuous Rotation Mode” for tasks requiring multiple rotation of the end
effecter in either direction.

o

E=&< L= q~

OK? es o Comment

Three Jaw control modes for the Parallel Jaw end effecter shall be provided. An ‘Open Mode” shall
maintain the jaws open until the opwetor deflects the jaw switch (i.e. es long se the switch is held in a
deflected position the jaws will remain dosed). A Toggle Mode” will be provided where deflecting the
switch ones will open the jaws and retoggle will close the jaws. A “Position Mode’ which shall allow
irwemental closing of the jaws with ability to fix the position of the jawa by releasing switch, will be
provided.

o

j2=C31L L=-C31L

OK? es o Comment

Freeze Mode: The ‘Freeze Mode” electronically freezes the entire Slave ‘Arm in the position it is in when the freeze
mode is entered. The Master Controller shall be able to freeze individual Slave Arm joints.

dOK? es No Comment

~aL L.&

The ‘Stow Mode” returns the Slave Arm to a pre-detemnined stowed position. The Slave Arm shall return to this pre-
determined position via a pathway of up to 5 predetermined points. This shall be conducted without the payload.

o
OK? es o Comment X=51Z L=ofL

The Teach Mode’ shall be provided for operatora to prqram movements into the controller that the Slave Arms will
be required to repeat at later times (e.g. return to a stowed position). This shall be mnduded without the payload.

Q
OK? es No Comment E> @k L =oLL

.,
Refer to ‘EXECUTION A_-APPROVAV form attached (V-W-026-C1; 01655-A-1; 6/19 Rev.)
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