i . 3

APR 16 1997 ENGINEERING DATA TRANSMITTAL

Page 1 of l

LET 161642

2. To: (Receiving Organization) 3. From: (Originating Organization) 4. Related EDT No.:
WRAP 1 WRAP 1 N/A
5. Proj./Prog./Dept./Div.: 6. Design Authority/ Design Agent/Cog. 7. Purchase Order No.:
i Engr.:
W026/So11d Waste TL Watson N/A
Construction
8. Originator Remarks: 9. Equip./Component No.:
For release N/A
10. System/Bldg./Facility:
N/A
11. Receiver Remarks: 11A. Design Baseline Document? [] Yes [X] %o 12. Major Assm. Dwg. No.:
N/A
13. Permit/Permit Application No.:
N/A
14. Required Response Date:
N/A
15, DATA TRANSMITTED (F) (6) (H) 33)
(A} c} ©) (6 Tith Description of Dat Approval Reason Origi- Receiv-
Item B} D t/D ing Na. Shest Rev. e or escr'lp lon of Data Desig- for nator er
No. 8] Document/Drawing No No. No. Transmitted nator Trans- Dispo- Dispo-
HAE - G alarle mittal sition sition
1 Whe- SD-W026-ATP-020 0 Manipulator_System Plan Q 2 1
paL - Qb 19/a7/7¢
> 2 WHE- SD-W026-ATR-0 20 0 Manipulator System Report Q 2 1
16. KEY
Approval Designator {F} Reason for Transmittal (G) Disposition {H) & {I)
E, S, Q. Dor NJA 1. Approval 4. Review 1. Approved 4. Reviewed no/comment
(see WHC-CM-3-5, 2. Release 5. Post-Review 2. Approved 5. i il
Sec.12.7} 3. Information 6. Dist. {Receipt Acknow. Required} 3. Disapproved w/comment 6. Receipt acknowledged
17. SIGNATURE/DISTRIBUTION
{See Approval Desi for required si
(G) (H) , (6} {H) ,
Rea- Disp. {J} Name (K} Signature (L) Date (M} MSIN Rea- Disp. {J) Name K} Signature (L) Date (M) MSIN
son [[ son
1 1 Proj. Mgr.: DR Lucas Wﬁlﬁ_ﬂrw
1 1 | proj. Engr.: 48 Payndﬂ%— (J“,u ”'{W T4-02
1 1 Cog.Eng.: KJ Leist /f"g ¥ ,/',4 y,TA-SZ
1 1 | Cog. Mgr.: RJ Bottenus Syl 1452
T (o w2 Il T
Safety 4
Env.
18. 19. % 20. 21. DOE APPROVAL (if required)
2 ctri. No.
JB Paynj l n ‘ RJ Bo! s RJ erids [1 Approved
7 [1 Approved w/comments
Signature of EDT Date Authorized Representative Date Design Authority/ at [1 Disapproved wW/comments
Originator for Recelving Organization Cognizant Manager

BD-7400-172-2 (05/96) GEF097 |

BD-7400-172-1 (07/9}




HNF-SD-W026-ATR-020, Rev. 0

W-026, Acceptance Test Report
Manipulator System
(Submittal # 748.1.F)

TL Watson
Westinghouse Hanford, Richland, WA 99352
U.S. Department of Energy Contract DE-AC06-87RL10930

EDT/ECN: 'lllda uc: S«
Org Code: 04E00 Charge Code: PI1JF18
B&R Code: 39EW3130020 Total Pages: 42

Key Words: ATR, WRAP 1, PCL, Deversified Metal Products
Abstract: This test verified the manipulator system met all inspection

requirements, demonstrated the functional tasks were
performed and the performance requirements were achieved.

TRADEMARK DISCLAIMER. Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency thereof or
its contractors or subcontractors.

Printed in the United States of America. To obtain copies of this document, contact: WHC/BCS
Document Control Services, P.0. Box 1970, Mailstop H6-08, Richland WA 99352, Phone (509) 372-2420;
Fax (509) 376-4989.

HANFGRD

RELEASE

& 7, £
Lol . Y4 i
DAte Nelease STamp —

Relepse Apppdval

Approved for Public Release

A-6400-073 (10/95) GEF321



L 10 LI

PCL

ACCEPTANCE TEST PLAN
FOR
WASTE RECCOVERY AND PROCESSING

(WRAP)
MANIPULATOR SYSTEM

Preparsd For:
WHC/ICF-KH
Contract 570 1007
KEH 5368

March 18, 1995

TTTesT Sranian AT [130 P o 32294 T

%Z%O Revisicn Z



10 INTRODUCTION

iy e =

HNF-SU-WVLUTATR FERS

The pumpose of the WRAP Manipulaior System Accepuance, Test Plan {ATP) is 1o verify that the four (4) glovebox sets

of WRAP maniputator

companents, including railizarriage, slave arm, master controfler and auxiliary equipment, meets

the requirements of the fungtional segments of 14390 specification. The demonstration of perfurmance elements of the

ATP are performed 25 a pan of the Assembly (13721,

inteural (e the performance testing of the gloveloves.
specifieat

{3027, 150

2310 specifications, Manipuiater integration is
Fach requirement of the Assembly (13
1Fbe carried out in conjunction with zlavehox performance ests

2 P

21, 13027, 13031)

The hasis for a satisfactory test is that the WRAD manipulator shall mest all inspection requirements, demenstrare that
the functional tasks can he pertonmed and verify that the performance requirements are achieved. It comrections ar
adjustments are made, the tests shall be repeated until completed consecttively,

il

Slanipulator Tayg MosGlovebox Na. 1

TOT-EM-07-101

GR 02
GR 21

1O7-EMAD7

LOT-FN0T-20]

GR.40L

FUNCTIONAL
Prorio the startof the
perature of Ui Moid o slubiiize. A2 |
cler,

Rl

¥enly by test tut the muzipudator horicoatal curria

238 dree e ans ale lroin one wnd of e horzontud zuil

to b other end without resisiance. the trunslation distance is defined in the dlove boy usseably drasiny

3102 Dong v

OB,

Signature 4
Stgnalure 4 \%{ .

Signuture /77/ Dute 55 ’//é'?é

[odness e

Due ’-{"( Z'ﬁé @\'L

Dae 4—4 ‘—QL,C)

— GEI2 Dy
sh el 45 (J"“"D"-‘—’L,
A7 G a0y puy

I

Verily By test hat he mastor controller Desiton;
il to the ether ead without resistance. The trars

driwing.

74
W

utton distace is defined in the Glove box assenbiy

Signature /(/M% __29(1{; Z2_RA~1 4

15 fnee Lo transkule from une end ol the horizoatal

L i’/ é ’-9[’

Lo 1776

OB 102 D"“.l_‘/_ Signature
OB Dng Sigauture d"L'L/-
. Sgnalure 4

R e

Signature }// . ﬁo/ N

Duaie ﬂ V+}~%

Dic_3-12-96




24 Verly By test that (he sluve 4TS 2 e o bansute om o end of e vertical rail 1o e other end without
reststuney
GBE 102 Right 4nn  Signawee _JCAL T~ Dute ‘f-{ é—?g ‘
Lelt Amm +— Signauee - Due_ o+ & -F¢,
GB 201 Right arm " Shenaure letsr [ g:év[ -9 (-
Lelt Arm v Signntuge ('1’(4/ Date L:E «7 e
GE 302 Right A Signature 7 ﬁ Duc 4~ 4~
“Lell Amm Signuture / 2# . _/"Z . Daw 4 ~4 ""‘76
VUGB 401 Right A-m Signature 421 \ﬁ Due_3-22-9¢
Lelt Arm Signituge 2 2% 52 Daw_3 -zt -9,
z3 ¥enly thut cach joint of Uic HVAF hus Ll destentty e, cun be commundec o nove o Uiroughout 11°s Juj]
rangé ol mouen)
GBE 102 Right Amn Siymatture ’gfl't/ Due H —A&E-%¢
Lelt Amm Stgmiture k(ﬂ/éﬂ/ Lae S -10-5¢
Gz I Rigdt )/ g I/L"v 4 1—/ JEIN ‘T’('/ 7‘—? & ['V
Lok Aarmy Stumituse %ZZ — Daw &fuy my — b‘
GB 302 Right Ama Signuture A2~ Dac A4 ~T L
Lol Amm Sigituge 4,\/ K. bue A -4 T
GE 401 Rygin A S— A Vw3 -z2-F 6
Lelt Am Slgmilure /2/ /ﬁ’/ Luw _ 3 -22~94
Ve
)

run
spediicd values:

Shoulder Roll - 90 dey
Shoulder Prich - 90 dep

Elbow v

Wt Yow - 109
Wit Rolate - 270 ée

GE 102 Right Ann Shoulder Roll
Skoulder Pich
Elbow Yuw
WSt Yaw
Wrist Rotute
GEI102 Lelt Amn Shoulder Roll
Shouider 2iich
Eibow Yaw
Wrist Yuuw

Wit Rotate

> ol mouen, unee ut MRIXITUN JOI sigular tale

r

HNF-SD-W026-ATR-020, Xev.

Actuale coct damec-olfeedom of die HYOF munipuiutur widependemiy ol e oihers, Uroughout its Jul

Uhe renge of motien shall meet or exseed the Jollowiny

aw - 120 de

o

< shued/ 300 deg contewous

(lwt-

Sigralure

!
Siwrulure % Dune /
Swruture Q é’l’ v Dute
: Dute
Sighalure Date
Slgrature Dute
SILulure Dute

Date

aye v

/@//

g

i

et

K

)
(‘J‘;,,st Autf v



27

GE 201 Right wrm Shoulder Roll v

Stoulder ity #
EIb«;\\' Yaw ~
Wrist Yau -

279 Wrist Rowie™

UE 201 Left Am Stowider Roll 7

Skoulder Pty 7
~ Elbow Yuw <
Wrisl Taw
1" Wrist Rotie”
G

34

302 Right Amm Shoulder Roi

Elbow Yuw

Wrist Yaw
;_)OD Wil Retoe
GE 302 Lol Arm Shoulder Roll
Shoulder Piich
Elbow Yaw
Wrist Yan
A0 Wil Row
GE 401 Rught Aot Shoukder Rol
Shoulder fuich
Elbow Yaw
Wrist Yawy
;7[’h Wit Rotaie
GE 401 Lelt Amm Shouider Roll
Skouider Pich
Elbow Yuw
Wrist Yaw

)
79 Wrist Rote

lasks requitiag slower spuevds

GE 1021 Right Amn
Left Arm

GE 201 Right wm v,

Srgraiure K{Lj o~
Swyirature él[f —
'Signuluvrc ~ Zf%: -
Sigradure '¢Z
Sigrature va

alure /6)'(/’( ~
ature [/_2/_&_9‘—/
Signuture ’ﬁ’(,/
Stenuture f /{L
Siwruture _[M
Sigradure 43!\4(
Sigruture ZH E?}

Dte 'I'l["/ 7-16
Duie
U;Jtc
Drine
Dune
Date
Dute
Dute
Dute
Date L//’ 7’? C’

Dute 4 “4"61’6\

Dute

Sigrutute Date

Surrature 4\[(: 2, Dute
Sturatuze Wﬂ{ _ Due

Signature x{ Dute
Signature < . Duwe
Stynalure c Ar Daie

Duic

Ml M

Duae B=22%L
Siymlure /?‘) ,9)2 ' Dote YA 444 N
Sigputure '4‘{ ' /Z v Due {
Stgrature /” d/ . Due )

Styrsture /7/ . :% Lunie /
Sinature /7/ vﬂ/ LDute /

Sigmuiure A/\./'\%v Due \>

Sigmulure /]J \4)/. Date /
2

Swinature 4\/\ I Date

Sigraiure Lj’ﬁ;

Verlly by dest that two dvRurmie tmedes we provided: o st mode tor normal uperaton ead « slow mode for

(e
Signatge l('/L/ Dae ’/jm- [t’7 ° [A)x‘{ "pi A
Stgmture (/L-/ D H‘g b——(‘? & /6‘11/
Sigruture éz’{f‘15/ Drae J ~{ Z ﬁ { \
(f{’ﬂ'h/

Lot am /7 Swmiure Lhite "‘{"’( 4 é
g



5
HNF-SD-W026-~ATR-020, Rev. 0 Page

GE 302 Right A N A/i*% Date 4 A4
—_—

Lell amy Signuture /H~j( a4 st %

— D —_— T e

GE 4G Right Ay Sivnature x7/" Dae_ 3- x4
‘Q—g =T/

Lelann Signzre 4/‘% Due _3-22-9 4
— L= A " E

28 Verily by test thy Bew walst con ol mupde a

E node providig, 2 AcClrulc u:dm.m 4
ol the end Clinctor und 4 varlubke zule cong un

nULple rotatjyq olihe eod

efleelor.,
GE 102 Right 4nm Sigmuge éwz Due 4696
— 0
Lefl amm Sumature /L' - Date j\(C A ‘J“h //{
/\‘”y
GE 201 Right gy ~ Simige Lae /75 L
Leltam Sigruture Duie 9@ K}Su
GE 302 Right amy Stz Al _7[ Do A~ -G
A

Let amm Stgnalure 7/ Dae 4\446

GE 40] Right Amg 51"ILNLLIL/ DLaw 3~ 2276
*LL —2 e/
LAmn &

iy that tyree Jaw cantro] imodes 4 rovided; An UPD modi shail pyiyg, 1D L3¢ uy ©pen unal Oy
OpeTator deflects mode wie delleatiny the SWIeh wall open the Juws aad rato, g
the switeh iy close “nd i pesilion mode h x’k\\> nerementy) closing of ke Jaws widy e
ability 1o i the pustlion of (kg Jws Dy Teusing Ui svqich,
s Ao - 6 }(
Lettann Signatre ] Dute &/( ¢ ALL(%
£ . 4
UGB 2u) Kigh amy - Signature & I 2 — Duwe 4 (77 \E & /«\l L
Left Arm o Signuure éoﬂq - Date <f -] 2"2 [
GE 302 Righy 44y Siynuture /” j’ D 4= 4"‘%
¢ —_ —_— T~
Lellam Signuture :Z/-ﬁ{x Dae_4 —4~24
_— 7
GE 401 Rialy Am Stgmuure 4 "2/7 Daw _3-2 75
J d —=2T T T (¢
Lell A Signitture 42 < 2 Daw_3B-22-9 A
—= 77,
210 Verly by test gy a lecee mode electronicatly frog e the entine EV6Fstuve unp 1 e position itgs i v hen

the frecee mode § 15 Cntered,

UE 102 Righ 4 Signiture M e /6 TAe-5 e pitre?

Lot any Signulure (/"l L/ D ‘/(p '(74 A (e
GE 20] Right urm v Signidure éib‘ Date f 17~ (f/ /.
Lellam o« .ngn;mm. Due i—_ﬁ [ ; 6 /(r‘/
GE 302 Right Amm Stnilure j'f ‘m + = d
Lefi amy Signuture ‘ Duate ?” \7{

GE du) Right A 51JLJLLI Lae 3 - é
Lett Arm Signitture 4/ 7 Duc _3-122- 16
—— =77 ]

- ~ . TR e —- T T el



i

ER B

13

HNF-JU-W

AVE L

Venly By test that the mestr controller is able o frevae LM“ZJI Joints of the SVOF Quve yrm,

"GE 162 Righy Ann
Lell Arm
GB 201 Rightanm
Left Arm ve
GE 302 Right Axn
“Lell Arm
GB 301 Right Amm

Left Arm

Venty
prodetermined podits,

GE 102 Right Aaa

LeltAm

GE IUl Kight arm v
Left Am

G 302 Right Amm

Lelt Arm
CIHANT WL A

Left Arm

nly by test that the teach mede coables o
i will repeat at z Jubg tine by eprograniing a newaglow pusilion

GE 102 Rught ang
Lell 2o

GE 342 Right Amm
Lelt Am

GE U Rigin Ama
Lelt Ama

OB 2o) RibHT Am

. LEFT Aem
Venly that the Mastr Congolie 9

the carmage and cun unskine buck

GE 2 Day
GE 201 Dy
GE 302 Dwy

GE 401 Dy

By test hat tbe stow mode retuns the HYoE w

v~

Signuture”
Stamdure
Signulure
Lt

Signuture

Signature

Signatre 4[ 7o7r

Stynature E

a predaermined

Signutture i\

Date ff»((o—i G
Date L{‘]CJ‘ 26
Daate —~— -—‘1' 17
Date ‘/'Iﬁv( 7 '?C'
Daie ng

Date 4 ~f ~ 94

Due _ 5229 A
Dute 5-’ zz -7®

stowed pusition via 1 path was of 3

Sigmature Z/£ Z - Drare “{ % ‘9 6

Sigrauge l/&LQ/(_/
A s
oy —

o

Syl
Signulure

Signutlure

Stgnulure i

Slznadune

Stgnatare

StUnure 4{‘ 7?

B il S S
Signaluge 4/~ %
& LT L

btgm(m;d x 3

/.

Stbatante éx
, SwaTME o[,
osiuoning Carmuge can SUpsort 3 190

Srgnature

Signatae ﬂi\: <
—_—

Dae i‘( =1 G
7 -

o
[

Law 4y [ &

Duate ﬁf ~7-7 &
JENTY 4‘ ~ "%6
Duie 54‘.4 ¢
L= <7 &

'PURILOrS W PIOERIM MOV eEients lo the controlles dhal the HVaE

boe 4165 e
Lue L{ ol Q"?C'
Duate <
Date 4“‘+~1j
Duawe 4 ~>=Ts

Daw ii:_z@

pound load Jtom the Ironl :%'v col

und forth across the Lice of the glovibos cnclosure with welght stteched.

Signature A Dae
Signuture ¢ L" Da
Signature ALH Bae

Dawe

Signature K

Veniy by test thal e Fark. position und upper Hmit swiiches lurcuon properl

~

i1
J-19-5¢
47
B T

N

LJ‘;&J)

Kr

el

/

K/

7

[J“D@S ol

K

]
Jutness A b‘/f?/

6%



GE 102 Right Ann
oo LeltAm
GE 201 Rightamm
Lelt Am

GE 302 Right A

Stgnitlure

HNF-SD-W026-ATR-020, Rev. 0 Page 7

Signature

‘ v L

’0 Duwe

Signature

Jule (—ZU ’9 é
l'lj:vlic:' (é-f[i-—i(—, }
5 ¢

Sigr;:uum _&‘W\ ch_/wé ) [/91 J)/Q/!“I%

7%/?4 <

—(

-~ 3-7 e? ,?%/é/zy ™

Lelt Am Signuture

Ll Date CZ——I 3 :2 Q
GE 401 Right A Slgnisture Dute (-Q i ¢-S éW?A/ili

bae (¢ ~(ef ‘?(p

Signature §
are mowaled 1o menintize “bounce” of the end ellictor, §
R

“Left Am

nt
Refpysr
by

)Ao/./ 7 4y,

2160 Verly by visua) inspection thul the nunipulistors
Venly that the stabraty is sulliciont to limi( e amplitude of'«

© ol e rted oad. 10 0.3 mches, und o duocay tine of 2 s

ation at the end cleetor. iy any positon,

willy 3 Conids or Joss,

€, 680,

Wrt s

/_-@‘V' GE 102 Right Ann Slgnihge \\ N
'tﬁ'#ﬁﬂf i Signaiure \?:\ § % § ¢ .
;/:,Y a4 7;5‘“ GE 201 Right umnor Signulure ()\ t g [N ;\
3 R ) . . N
#* Ho\%).xv .\::a Letl Anu R x\ £ gu X
@)‘Lﬁ)“ /\"\,\v GE 302 Right 2 Signalure FZ{V Dute —9& X % §K\§§
Lell Arm \ ) t

DE U1 Ragii A

[
~o A

) o o
W VHDGur LesFey.

rty,

30 PERFORMANCE TESTING

L Sadica .
LRty v

N
EN Fach stave arm shall pick up and hold an object Welghing &0 [bs at £41) eXi2nsion, g J
/{ GR 102 Right Arm Siznanre gp24é/_ Nate "[”( (-%5 § E ¥ \‘g
/\Lu:g v Teft Am Signanwe &tti./ Date _ Fl e $ o Q i‘-’\
. n g ; N *

Tk 57 f/‘ | G GR 201 Rightarm -~ Signamre YL~ Date ‘{'/7'9 [ \{ % A\ 8 R

J\ o Ry d -
3 Teft Arm Signawr N E > %
K e AR

B 302 Right A 21
GR 302 R;g:x Ama v\l hature : % ;‘
\rm Signa

e Am inature \.,\ 2 ‘$

[/
Ve

GB 401 Right Arm

Teft Am Signature / )
sed and the maximum elosure torce measured. The
3 206

7P
SOA .
)
[ S
e\

A~ 72 - Usep

Fach slave arm end effector shall be opened and el
measured values shali be within = 30 or'the specifie

29, %

- GR 102 Right Arm
SO E
Ted A\m

L R8BI /96
GR 201 Kight arm
I 1‘9}_.12 C/){

o
S
RN
!
~D
Y
X

et Arm

T Plocsbins
. \
FAERS RS o
/ s

w

‘/S‘.'mw 3

o)
U,
2y
\
™



Leti Arm

A ] A
GH 401 mﬂzn? i—g &/lrlq
20

Lelt Arm
20,
GB 102 Right Arm o
“Lelt A.rmk/
GE 201 Righiunn
Left Arm 7
GE 302 Right Aqn
Leflam
GE 4] Right Amm
Lell Amn
34

GE 102 Right Ann,/*
Lefl Armv”
41 Rightam /7
Lell Amy”
GE 302 Right Amm
Lelt Anm
GE 401 Rigiw Amm

Left Am

Venly that the mzipuliner cun relneve, use and

HNE-SU-WOZ0-AIR-ULU, REV. U

Signature

oo
Sighuture [
Si;_;fullluc W

Pa—"

Stgmtiure

Verly that the manipulior cun remneve, use und slow the brw:n.’squ:c'__'c; ol

Ue -

Shnature
Signature Z(ﬁ -
Signalure é/[bi o
Stgnuture ézl 1.~
Sigrature {ﬁ:’é{

Stenluge 4![ '9(-
Signature '1 \L\‘%

Signalure w ?‘/’

stow the shevg] wol,

Signalure

- A

Signalure &

Sigauture L/(’é(//
T

Sunture Aty s

Cignature G T

EAhi 45 S
Signature /)[< ﬁj c

Stunilure 4 ‘7,

35 Venly that i unipulaior can rch'/n:\C' Uschad how the knifston]

GE 102 Right ana
Lefl Anm
GE 201 Rightamy

Lelt Amy

GB 342 Right A

Lelt am

GE 401 Right Ama

Lelt Amm

—0 Venly that (e manipulier can e
g 20

=

2 Rashi Ann

Lell Arm

/

Stznanae ﬁ(/
Signuture {L’L’
Signzte L& "
Signaiure Lr—
Let—
7 —
7 L

[
e B
e e
Stz lure ‘Z‘/ZK&

Signature (4

g@-‘d %mu oty clarnp oo},

Signature

—_—
Stumtlure
e —_—

T T e g e

Date é -2 v’?é

D Z AN

Prne (" :_,ZS"Z\'é'
Due (o255 6

Duate ,{“{ - % €]

L
/l:’:'l \A{ ¢ Wt( 7
Diae ‘:{ G "”2 £ /"“ '
bue —y75g 5 7 4
‘ S e
Dawe ll" —E/'C’ ~— £

Dt 4"“3-“‘1 S
Due_4—4~1¢
Date 4 ”Q-‘/:(é
Lue - 1_?4

bae {696 " s
Dae ﬁi@?%é 4 l/(;\ i 7/!/
Lute L/'—( 7 —‘7{‘/ N J

Hilie q‘{ 7 V%’{’

Dawe M ~LL

Date A é
Duie —9-7{
Lhie = 74
Dute ~Z-o- é

LDrue ‘_7_.——‘15 + &
b Z20-S 6
DulcC’_Z_ VA ?é
Drawe % Z Jié
Lae 220 —;é

Date ?_25 )96’9

Dute S —Zo —?é

Dine
Duawe



GE 201 Kight wm
Lelt A
—— OB 302 Right Ay
ka —Lcl Am
GE 401 Right Amm

Lelt Am

s
~

HNF-SD-W026-ATR-020, Rev. 0 Page 9

Signuture Z%?‘ bue - -9 Z@)wp///?é
Signiuze Date _@-f 7~ f

Date
Dae
D (D /L{-?O

Duace (Q (i é

Sigm«lun

—_—
Stgnutlare
Stunatture ‘2

Simiee_[ L )m Vs

Verily thit the munipuluior can r@ %lhe aservsol eun hundling (ool

GE 102 Right Amn

LeR Arm
GE 201 Right amm

Lefv Arm

OB 302 Right Ay
TLefiam

gy

Lot Am

w
*

TotLON.

Vet Unl B wpist oo

cenlinuols mode,

GE 102 RightAnniw 2 5

cew -39
¢ o " Lefi Aarm Cw 7%
ﬂ P cewsy
& f( ‘ GE UL Kightamn Cw 25
ety AP
a \4‘@;‘ v L ('.L j\ ;’s
o 1 Lefi AamCwe .
cewes”
GE 302 Right Az C W
CCw
Leiamew#H2S
CowHFRe
CE QUL Right Am Cw 25T
CCwys &
CE 4 Ll AmCw 9 gﬁ—
- Cow g5 9

Y e follovwims perfomanee tesis wire carmed

camried oul in e feld und siswally confirmed.

rol medes wre

out and docure

Signuture Daic

Signature Date

Swniwe AL A BLQO%/H

Snare _ Lego Date (o—{b/@&

Signdure L
Lmu,

l"n.tlun
Sigruthse @;/
Sigmiure JZ/C“ -~

Euch skave arm wrist roll joint shall be sctuated and the maximum lerge

U

Dhe CG {"‘[ 9@
JRATRS O [‘_—&b

ue meuswed for both dircetions of
* positten conirol mode agd o varable ruie

Dute L{-—[(r,/?é

> @ e

Sienuiure
Signidure” A Date ——((o.. A
-
7
Si‘:'m“‘"Q/M\V Uulci’lﬁg
/

““‘@7‘/\
bigmlm:&
S
snee A K

Signuture 4/‘ 2

10

Wl m e J\.lor\

Dae IJ—( 7_C£ 67
Duawe 4"—%~7’é>

Late +— =16

bue__ &4 ~2 =g

Die lf —_2 —QA

Ay such. these sty wil] e



HNF-SD-W026-ATR-020, Rev.

391, kach deeree of frecdom of tae munipulalor assembly shall be activined 10 times and its runge ol tnolion
visually veritied for cornplivnee with specilication requireimts,

GE 102 Righamn = 7

Left Arm 7
GE 201 Kightum
Lot Arm
GB 302 Right Am
et Amm
GE 401 Right Arzm .~
Lefl Arm-
392,
will spccmcu-‘.wn :L'LJ_\-iiIL'IﬂU“b
GB 102 Right Annv
Lell Arm v
GE 201 Kightam
Lefl Arm
GE 302 Risht Am
Left Arm
GE 401 25gn Am

Lot am e

393 Bothend edewtons shail be vputied and closed |

GE 102 Right Ann o
Lell Arm o
GE 201 Right wm v
Lefl Arm \/
GE 302 Right A
Lell Arm
GE 401 Rigln Armer

Lefl Army o~

travel and visuatly venlied.
GE 102 Right Ann

LeAam /

i 4 b-%¢
Stgnudure Z[Z’V Date j—’@'z &
Signatue Paie Date i‘} 794
Sigmmm‘_ﬁzl’l// Date Jb’ﬁ“’[é
Signalure 'N, Z Dae 4 ﬁﬁ 4
Signature OLQ/ Dule 4 ﬁ fzé
Sigmlmcﬂ;ﬂ Dac__ 4~2~7 6
bi-__'mlmujé é( Dale 4“:2 pﬁé

Signatuge _ &

Each degree of reedoin shall be actuated 10 tmes and its slew ruie will be visually verilied for canpliunce

Signutare (40

L8

Late "’{’{(j "Ql(;

Signature

Signahure
.ngmtlu.rcl LA —
Signature A(‘%
Signitlure .. bue £ -4 -2
e AL H e 409£
Sigmtre 4/ ﬁC Dute 4‘\2 &

v~/ 7-58

U tnoes wilk visual verification

1 — D
Signatwe iy~ Date
Signuhre 1[4/1/
Signuture IV’/L D Vf*( 7-"7/
Signslure ﬁw/ X Duate —4'_%
bl-__’mlurc4//-3{\ Duc_4#—4—2£
Stunsture ‘/&/ '/}(' Date 4 -2 ’\74
Sigmllmﬂ'ﬁ( Dale 4 2 "\96

4—/ e-5¢

Signalure

faw end offector earving 60 1. objeets, wch degree of Ireedom shell be sotwated W it od of

Signature _&Vl/
Signlure |

Date 4 "(. (..r,’q (
Date ééjgg e

0 Page 10

Dt £ v -%4 Lexd wrus?‘JeY:&/
! . Dawe i«/if &qu~y[$7v.,i

D) som“”‘ Zn

Dale 4‘ - 9L - ,f;,( i wm’és w /Z\u

33 saewat K‘D ///%

Slow?
il

5““0 ,.Ja lexs T
,_Win B

G e

#1107

Date 4_[;,’7 ffx;‘c)ywﬂ‘s’

Aecep
£ /u Yire
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Fuf
GB 201 Rightam — Signature ZO a4 A Z £ ’k” bﬁl}
Lol Arm Signunwe _JCLHL~ b L] 46 @
CB3IRigh AT 0 siwnwe YK D 4 - (g,,,?-‘ KA”/('
Lelt Arm Signature jiﬂ?{ Luc 4 426
GE 401 Right Aa Sigmtae _J/. 7/r Dae 42~ &
Lefl Amm Signature __i/( 7/ Dae_F2~-T&

395, Visually verily thal the operationul mvelope conlorms 1o the funge of motion drawing.

GB 102 Right Am Signature [‘ZMC/ e 7285
/,
Lefl Arm Signuture /é {1~ Date 7-2:*-9@

P -
GE 201 Rightumm Signuture @b Duwe é‘-(‘f i & c"

Lefl Am Stzmuuge ié(”i/ Duate C’ -6 "/(5 ‘L (’ \
Sy . "UJ’
GE 302 Right Aot Signature @?/ Lawe ’7’9 & > 9 b7 v "
ot y

Lell Arm Signature ]ZMV T Dawe H-$ 4G
GE 4] Raghn Amm Stgnuture 4[ N ?( Dute 4\1‘74 g W/’

Lell Arm Signature ’?/ v% Dt 4— \Q-“él[

W'LM‘J

310, Verly thul cach manipulator assembly does not exert in excess of 189 Ibs, to the reaction mil by
implanctation of a load cell wst,

GE 102 Si‘_{m. ure ﬂv 7 Due 4‘ “J—-qé //’é,/'é &9(57//@\
GB 201: Signature W~ Due __Y-2¥6 4 Ad3l 3
- . 4 K fb i pé
GE 52 Stapture # . g Date 4"5’9‘0 :
GE 401 Signaiure A _— Dule_“-24-$¢ -

(a/f%"/ (Kal‘)/p/%

4.0 INTEGRATION PERFORMANCE

3

Processing 1asks to be verified in Sorting and Waste Toadout glovenoves.

401 Translate Waste Sorting Manipulator over drum,

e
Signarure Nate
: Sigrarure Date

412 Cuttop of PVC hag tiner off with manipulator's end effectors.

GRE 102: Signu;\ue Date e A,‘-p
GR 302: Siznature Date *

4.1.3  Grab hoth halves of ciamp band with manipulator’s end eftectors.

GRB 142: Signanre Date - -
GR 302 Sigrature Nate

444 Place clamp band pieces on sorung tble.

e e g e e



413

417

418

4.1.10

4111

[

i
i
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GE 102: Stymature Daw
G8 302; Stgnalure Dale

Place waste packet sample in packel X-ray inscine’s pucket ray.

GE 102: Signalure Daie
GE 302: Signature Dute

Remove waste pucket sample Fom packet X-my muching’s pucket tray.

GE 102 Signature D
GRB 302: Signature Dule
Place waste packet sample in packet assay monitor’s paeket way. To BE AP
' y DArts SN
Stmature Dale
1gnuture Dute

Remove waste packet sumple [rom the pucket assay monitor’s packel tray.

GE 102: Signature Date
GE 302: Signuture Date

Open waste packet with manipulator wols.

GE 102; Stumature Dae
GE 302: § Dale

-

Pluce centents of waste packet on non-compliant ttemn rznsicr stand {from RWM glorebox).
P p: 4 ¢ )

CB 12: Sinature Date
GE 302: Sigrature Date

Using the manipulators. push the wasle olt cuch end of Gie sorting table into die swaste loudout glovy

GE 308: Simlure Date
GE 309: Stgnature Duae

FLUSH/CLEANING AND PRESSURE TESTING
Flush system in accordance with astm d 4174-89.
The following pressure tests shall be carmied out.

NFP(A) T2.4.7-80 - Accum. Press. Rating

Signature Date Hyore TERr fESUTS T
NFP(A) T2.9.33-82 -Pump/Motor Pressure Rating

Signature Nate

NFPCAY T3.10.5-76 -Hudraulie Filter/Sep.

Signanre Date
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6.0 CONCLUSION

T 6 QA FEVALUATION
6.1.1 General statement as to whether the manipulator system has/has not met the objectives of this
procedure.

Signature ate /0‘/'7‘
Tnspecior
A e Brvet

6.2 TEST COMPLETION

I
6.2.1 The manipulator svstem has successfully complated Acceptance Testing, \
5 pulator sy o p e ¢ Sabim (2, ¢ 3ond, Sxcpding

Signature /@/ Date F‘/Z‘ B4 ("‘ék/ Y &73/,,,_ 727{;?@%5{’ .

C{.\}Aer’s Represenative

Kol Lhism

ATP Excertionl Resavtion

o K3lL-1 FERFolM ReGRESSIVE. TESTING OF MANIPULATIE, WAISTS Now THar
wissrs Hrve Beed Refsfep

T GRI02  Riair WAST SoATRE x@’uf/ Date [oZzszé
Wi twess ;// forf,e, tor  [eFT WRIST SIENATWE. /K('M(/ e
%M-S/////%- Ge Zol RIGHT wWhisT SeaTveE ’ZZ;I/ DHTE.
G5 2ol Leer WRiST smm&ii @M/ T

GR 3oz, Righ WasT SteNaTRE chzzé DATE.
G% B0z lgF WS SieNaTOeE. D4

Ge Hol RieHr Wast Siafaruee. %ﬂ% e
G5 Yo  Leer WRST Swenerie X (LT e (9)22 /zé

kTl-2  Peerm eosmTiC. TESTS OF THC ARM ASSEMBUES FRom THE f's
oN Tie ZoNTHL CARRAGE AT S.voopss .

GB loz. RisHT ARM SteneToeg X &L‘[/ DATE [6{ 22/54

7(’}/'“9//////% GB loz LEPT ARM  geusrwe X Kbt

- Ga 200 R ARM SiNATVRE K %411/' o IHTE
KC}Z«// /////4(2)/ Ge 2ol LEFT ARM SIGNATRE X L1r ~ aTE
‘11" LerE

e 202 RigHr Aem SieldTRE K
A7 Mofos OB Bor LeFr AEM  Swatwe X e
/) G Hol Ko ARM SeNatveE X IATE.
//éﬁ,)//////% G Yol LePr MRV Swnatves % 7 — e __Jo/LE
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1.0 INTRODUCTION AND REFERENCE DOCUMENTS

The purpose of the WRAP Muaipulator System Factory Acceptance Test (FAT) plan is to verify that the WRAP
manipulator components, including rail/carriage, slave arm, master controller and auxiliary equipment, meet the
requirements 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 Contract 570190 OM including Specification 14590
b. HV6F Manipulator Acceptance Test Plans/Results
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.c., 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 fixture 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 on-site.

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

2.0 TEST EQUIPMENT AND TEST PREREQUISITES

2.1 Calibrated Test Equipment
NOTE

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

DESCRIPTION MFG # SN CAL DUE DATE USED QA
Flowmeter, 05 gom  Hedland _ 00( Il2slee _1fzdl%

Pressure Gauge, Noshok 41138 Yoz e //za/% m9
Digital coahsgeorg gs i% Hhe 7007265 S / 7/169 //zﬁ/% %

Multimeter Flake8s 5933034 8/ie /96 //29/%; ﬁlﬁﬁ)

2.2, Prerequisite - HV6F Acceptance Test

2.2.1  Verify that the each of the eight (8) HV6f manipulators systems have successfully completed acceptance

testing  exal faq  Slew rodes and too arms you range J moton was 114 el
14.5. 39 atwtes 120E5°

Date

Signature
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3.0 TEST PROCEDURES

3.1 ITEM DEFINITION

3.1.1  Verify that the WRAP manipulator components are in accordance with para 1.04. of the 14590
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, manufacturer's name
and contract number. Record each of the serial numbers below.

3.1.2.  Verify the worksmanship 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

GB 102

HV6F Slave Arm - Right P/N 101-2265 11956 -1

HVG6F Slave arm - Left P/N 101-2266 {2139 -3

Valve Package - Right arm P/N 101-2275 11957~ 1

Valve Package - Left Arm P/N 101-2275 /2 )R7-3%

Master Controller P/N 101-2705 /2136-2

Slave Control Electronics - Right Arm P/N 101-2308 /1248-4+

Slave Control Electronics - Left Arm P/N 101-2308 /27431

Contro! and Instrumentation enclosure P/N 101-2653 16588 -1

Sign

7z22/ %

3.1.3.  Verify 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: 1) model number, 2) serial number, 3) contract
number and date and 4) date of manufacture.

GB 102 Hor Carriage Signature m ) Date //Z? /Cidy
HPU Pump Signature é ? é% ; Date /29[
3.2 FUNCTIONAL
321, 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 functional testing is to
be performed with no payload in the jaw end effector unless otherwise specified.
322 Verify by test that the manipulator horizontal carriage is free to translate from one end of the

horizontal rail to the other end without resistance. Measure the travel stroke:

Travel Stroke /“/2 yZ Stroke shown GB 102 Dwg 050-0645 = 140 in

Signature /_M?\ Date //29/?é
[N =
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3.23. Verify by test that the master controller positioning carriage is free to translate from one end of the
horizontal rail to the other end without resistance. Measure the travel stroke.

Date _/ { 2%/ cl‘b

3.24. Verify by test that the slave arms are free to translate from one end of the vertical rail to the other end
without resistance. Measure the travel stroke.

Right Arm Travel}u\g?:%ﬁ Stroke shown in GB 102 Dwg 050-0645 = 36.5 in
Signature /ﬂﬁ Date 1/27/%
S~ v

e

-

Signature

Left Arm Travel V(D-SjSt‘roke shown in GB 102 Dwg 050-0645 = 36.5 in

Signature Date __ /27
325 Verify that each joint of the HV6F has full dexterity (i.e., can be commanded to move throughout its
full range of motion) . ,—*\

Date l(za[ {7}
' Date l/lﬁ/%

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

GB 102 Right Arm Signature

Left Arm Signature

X

GB 102 Right Arm Shoulder Roll Signature Date 214
Shoulder Pitch Signature Date _| [ 29 g j_(g
Elbow Yaw Signature Date i / Z? / '7(4
Wrist Yaw Signature Date | /29 /9
Wrist Rotate Signature Date _1/29

GB102 Left Arm Shoulder Roll Signature Date (/271
Shoulder Pitch Signature Date } /227

Elbow Yaw Signature

Date
i=fy,
Date /z'zz lﬂg

Date I 21"

er’normal operation and a slow

Wrist Yaw Signature
Wrist Rotate Signature

327, Verify by test that two dynamic modes are provided; a fast
mode for tasks requiring slower speeds.

GB 102 Right Arm Signature ,  Date l‘ 29 ‘qu

Left Arm Signature . Date | 22) e

Rege (7
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3.2.8. Verify by test that two wrist control modes are provided; a position control mode providing accurate
indexing of the’end effector and a variable rate continuous mode for tasks requiring multiple rotation
of the end effector.

GB 102 Right Arm Signature Date Izvzgl‘ig
Left Arm Signature Date _ [ z 27 m

3.29. Verify that three jaw control modes are provided; An open mode shall maintain the jaws open until
the operator deflects the 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 to fix the position of the jaws by releasing the switch.

GB 102 Right Arm Signature Date _ 1/ 25

Left Arm Signature E ;:5 J Date ‘JZ—?I &

3.2.10. 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 ( j Date I/Z?[ U

Left Arm Signature \ﬁ(@ Date //Z? /7{4

3.2.11. Verify by test that the master controller is able to freeze j

ividual joints of the HV6F slave arm.

GB 102 Right Arm Signature Date 2
Left Arm Signature Date _1/29 l 7&
3.2.12. Verify by test that the stow !.node returns the HV6F to a pfedetermined stowed positjon via a pathway
of ugéoli)g;digr::: dpoins. Signature / M} Date ,/2‘5 / cI‘[ﬁ

Left Arm Signature Date (/29 t T(Q

3.2.13. Verify by test that the teach mode enables operators 16 Program movements into the controller that

the HV6F slave arm will repeat at a later time by reprogr: a new stow position.
GB 102 Right Arm Signature E Z;%E / Date 2% /7!,
Left Arm Signature , Date //2'7 N1/}

L

33. PERFORMANCE TESTING
33.1. Each slave arm shall pick up and hold an object weighingﬁQ;'Z 1bs at full extension
GB 102 Right Arm Signature /mqj _ Date 1/27 /?[p
Left Arm Signature ) pate 1/2.2/%



334,

3.3.6.

33.9.

HUF-SD- W2l HTR 20, fey. ©

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

s I When
GB 102 Pgse % ps 32 Signature @ Date /éi [i

Activate each DOF of the HV6F independently of the others throughout its entire range of motion ten
times with 60 +2 Ibs payload

GB 102 Pq _Z_LiPs 2.7 Signature @ Date_/ / 29 / als
- =- +

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 + 2 lbs %M by the jaw end effector
GB 102 Right Arm Signature /ﬂﬁ Date / 29 [ Ao

Left Arm Signature ( l :g } Date | ZZ‘? ‘ 4L

Verify 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 lbs of wgigbt—held\by the jaw end effector

GB 102 Right Am Signature N\*\ pae /2949l

_Left Arm Signature \\aﬁ!@ Date_ If29 t%

Verify by test that the master controller is able to freeze individualvjoints of the HV6F slave arm, with
60 +2 Ibs of weight held by the jaw end effector

GB 102 Right Arm Signature (@l Date ’/Zcf /%
Left Arm Signature @ Date (/757[”?(0

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 /%{ / Date I,/Zfl /%
Left Arm Signature ( EE% ) Date (l 27 I‘I\(’g

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

GB 102 Right Am Signature (% /__ Date 4/2“1/ N

Left Arm Signature __{ gg; Date I[Z‘Vg(a

Verify that the manipulator can retrieve and stow the broom tool

GB 102 Right Arm Signature Date

1/2<
Left Arm Signature Date / /Z 7 t 2[9

Sage 19



3.3.10.

3.3.11.

3.3.12.

3.3.13.

3.3.14.

3.3.15.

4.0

4.1

42

4.2.1

HUF- SD-W 0o~ ATR D20, fey. ©  [age 20

Verify that the manipulator can retrieve and stow the shovel to
GB 102 Righii Arm Signature Date l[ 2% Z,j 6

Left Arm Signature Date [ 1

!

Verify that the manipulator can retrieve and stow the knife tool

Date _/ '/Z /

GB 102 Right Arm Signature

Left Arm Signature Date

/2316
Date /[ ZQ([‘?Q
Date /[ 27‘ ‘IC

Place a 100 1b weight on the master control. Verify that no hardware damage occurs.

Date _s/2%/ ;(a

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

Signature é?g| 2 Date _+/29[%

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

Signature Date _¢/29 l o
CONCLUSION

QA EVALUATION

-

Verify that the manipulator can retrieve and stow the squeegee tool.
GB 102 Right Arm Signature

Left Arm Signature

w

Signature

i

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

procedure. 7:/14 575+¢m met t+his fnpv‘n;z‘ M‘Jﬁl)o‘ Ffest p[a.n{ while

Faking Mecnlrement From Ha 0%B0-06HT drowwing we pot: vhed
Signamre?ﬁm_‘ Date _ (/29/9% 3 e ec|
QA Insp , ing Robotic Systems, Inc.

somne the (7 dimenston zone B3 was betna vislated by the presswre ane
refurmygnd slve coble. which messwres 737 POL 4o ahecls aseeplebify
ENGINEERING EVALUATION

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

procedure.ﬁ;r fza p“YﬂJ

Signature
Lead

Date L( 17[ i‘
gineer, Schilling Robotic Systems, Inc.
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TEST COMPLETION

The manipulator sysiciz has successfully completed Acceptance Testing.

Signart;re ™ ch‘t{M Date '/ 9“i/ 76

Progrgin Manager, Schilling Robotic Systems, Inc.

Sigx)aturk%{/)(\z\- Date _{-2% 9%

Represénjative, PCL
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1. PURPOSE

The purpose of this predelivery 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 Schilling
Development Quality Assurance Program. The following is a summary of the major items included as

part of this order:
119456-3 121395-]
e HV6F Slave Am, P/Ns 101-2265 (Right Hand), and 101-2266 (Left Hand), S/N
¢ Master Consolette with Dual Master Control Arms and Electropics, P/N 101-2264, SIN_[{955-2.
Right (11957-3)  LeP(12137-(
s Valve Package Assembly, each with 6 servovalves, P/N 101-2275, S/N
Righ+ 11958-)  Lobtji958-4
« Slave Controller including electronics, P/N 101-2308, SIN (I prd -

« Junction Box, P/N 101-2159, SIN _{[828-2.

2. SUPPORTING DOCUMENTS

Purchase Order No. 5701300M
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 Components (SDI Req't)

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

OK?(Yes)No Comment

3.2 Physical Dimension Requirements (SDi Req't)

3.2.1 Amm Length (SDI Req')

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

36+/-1 inches Qé Riaht 3l Lebr 36

3.2.2 Jaw Capacity (SDI Req't)

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

3.0+/-0.1 inches '&L R- 3" L=3"
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3.2.3 Jaw Closure (PCL Req')

Verify by checking that the end effector contains hardstops which prevent the jaws from closing
completely against each other. The jaw's gripping surfaces shall be padded with rubber sheeting held in
place by side clips. e

OK? Yes No Comment Rubber qug Conduct. ﬂ = OK L=OKC

3.3 Materials and Workmanship

3.3.1 Materials (SDI Req't)

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.

es o
OK? No Comment ol ~ Or._

3.3.2 Workmanship (SDI Req')

Verify that there are no sharp 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. —2 'S

OK?No Comment ok ¥

3.3.3 Marking/ldentification (SD! Req't)

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

OK? No Comment R= Ok. L= ok

3.4 Operation

3.4.1 Bum In (SDI Req't)

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

OoK? @ No Comment, /R =OK L =OK
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3.4.2 Range of Motion (PCL Nominal Req't - SDI Tolerance)

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

Joint Range (degrees) ’R L
- Shoulder Roll: 90 degrees min., + 5° Actual_ &6 .8 as.4 L2
Shoulder Pitch: 90 degrees min., + 5° Actual_86.3 86.] o =
t58.5 Elbow Swing 120 degrees min., £ 5° Actual_11S.4 115.% o
27.1 Wrist Yaw: 120 degrees min., £ 5° Actual_{ [ .7 (1. S
e a Wrist Rot.(slaved) 270 degrees min., + 50%-5°  Actual_27&.5 284. 5 p
o Wrist Rot.(cont.) - Unlimited both directions OK. B
3.4.3 Slew Rate
Each degree-of-freedom shall be actuated 10 times and its slew rate measured. The recorded values shall be
compared to those specified below. The minimum slew rate shall enable satisfactory operator performance. The
maximum slew rates shall be as specified below. cw RC cw/ cw /CC\«/
! { Joint Maximum Slew Rate (degrees per second)
a4
i fe A £ / Shoulder Roll: 300 degrees/second.  Actual
(" o< S Shoulder Pitch: 300 degrees/second.  Actual
~ \4{ fse? // Elbow Swing 400 degrees/second.  Actual
et e Wrist Yaw: 600 degrees/second.  Actual_-
ettty Wrist Rat (cont.) 90 revolutions/minute  Actual 74 /70
{160 /’
3.4.4 Payload (PCL Req't - SDI Tolerance)
Verify that the slave arm, with standard paralle! acting jaws installed, is capable of lifting and holding a
60 £ 2 Ib payload at full arm extension.
R L.
OK? No Comment bl.5 58.0
ol )7
3.4.5 Jaw Closure Force (PCL Req't)
Both end effectors shall be opened and closed 10 times at the maximum gripping force. The recorded values shali
be within 25% of the 200 pounds. ’R L
A A :
i LM, o OK?@O Comment &9 1bs #2771b>
o £ cnide /84 203
41’,,,} ’ 1
U 3.4.6 Power Requirements (PCL Req't)

Verify electrical power inputs are to customer requirements. Customer requires 110 VAC, 1-Phase,
60Hz to the slave controller, and 110 VAC to the master consolette.

OK? No Comment
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3.5 Software Functions (PCL Req't)

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

o

1. Jaw End Effector shall be carrying 60 b abject.
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” fo
tasks requiring slower speeds. R =p o fL L

: ol

------- - y s Y

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

OK? {Yes/No Comment oK, - @’L@-"‘"""" C"""“’i)

Three Jaw control modes for the Parallel Jaw end effector 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 position the jaws will remain closed). 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 ability to fix the position of the jaws by releasing switch, will be

provided. ,R L
OK? (Yes/No Comment oK O

Freeze Mode: The “Freeze Mode" electronically freezes the entire Slave Am 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? (Yes)No Comment ol oK

The “Stow Mode" retums the Slave Arm to a pre-determined stowed position. The Slave Arm shall retum to this pre-
determined position via a pathway of up to § pre-determined points. This shall be conducted without the payload.
L

ox(vgs) No Comment oM ol

The "Teach Mocde” 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. retum to a stowed position). This shall be conducted without the payload.

7 '2 L.
OoK? @;}No Comment o1~ ol

/J?V?/« (Secteuef TEST  /29%

4. Acceptance Signoff

Refer to "EXECUTION AND TEST APPROVAL" form attached (V-W-026-C1; 01655-A-1; 6/19 Rev.)

whRi ST PoscTO ~
ReHT = = o70l 7+ 0640

LB = - 0677 =+ 06715
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$.0. No.: 7731 pate: _Y/Z![ %

1. PURPOSE

The purpase of this predelivery test is to verify that the HVEF manipulator system to be delivered to PCL
Construction Services 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

part of this order: 2
Ha56-2 12139-%
* HV6F Slave Arm, P/Ns 101-2265 (Right Hand), and 101-2266 (Left Hand), S/N

» Master Consolette with Dual Master Control Arms and Electronics, P/N 101-2264, S/N / IG]SF’ ]

Right- 11957-2 Led+: [2137-42
e Valve Package Assembly, each with 6 servovalves, P/N 101-2275, S/N

Right: [/958-2 Lefte
» Slave Controller including electronics, P/N 101-2308, S/N 1958 -3

« Junction Box, P/N 101-2159, SIN _//828 ~(

2. SUPPORTING DOCUMENTS

Purchase Order No. §701800M
SDI Biil 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 Components (SDI Req't)

Verify by checking that all of the components of the system called for on the Bill of Material are present.
OK? No Comment

3.2 Physical Dimension Requirements (SDI Req't)

3.2.1 Arm Length (SD! Req®)

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

36+/-1 inches ?u‘aht = 36" Le$4:3e"

3.2.2 Jaw Capacity (SDI Req')

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

3.0+/-0.1 inches ’Ro%vﬁ-—: 342 Left 3%2°
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3.2.3 Jaw Closure (PCL Req't)

Verify by checking that the end effector contains hardstops which pravent the jaws from closing
completely against each other. The jaw's gripping surfaces shall be padded with rubber sheeting held in

place by side clips. ? ‘BM' ch—l—
OK? Yes No Comment_ Rubhes -Pﬁcla Condect ok oKk

3.3 Materials and Workmanship

3.3.1 Materials (SDI Req*)

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.

R L

OK? Yes No Comment oK T oYl

3.3.2 Workmanship (SDI Req't)

Verify that there are no sharp 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. R I

OK? Yes No Comment oI oK

3.3.3 Marking/ldentification (SDI Req't)

Verify that each significant hardware item is identified with Schilling logo, name, and serial number.
These items include: slave arm, master controller, slave controller, valve manifold, andLj;box.
=0K. = O
OK? Yes No Comment ® 3

3.4 Operation

3.4.1 Bum In (SDI Reqt)

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

OK? Yes No Comment R=O\ L= ok
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3.4.2 Range of Motion (PCL Nominal Req't - SDI Tolerance)

/c)zz:)(/ 30

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

specified values.

Actual__8_8j . 87.8
Actual_864.7 B8k.9
Actual__{15.2 11s5.7

Joint Range (degrees) 74 L
Shoulder Roll; 90 degrees min., + 5°
35 Shoulder Pitch: 90 degrees min., £ 5°
Elbow Swing 12Q degrees min., £ 5°
Wrist Yaw: 120 degrees min., + 5°

Wrist Rot.(slaved) 270 degrees min., + 50%- 5°

Actual_}/(.3 6.7
Actual 279.8 252.3 i

Wrist Rot.(cont.) Unlimited both directions __ A< -

3.4.3 Slew Rate

Each degree-of-freedom shall be actuated .10 times and its slew rate measured. The recorded values shall be
compared to those specified below. The minimum slew rate shail enable satisfactory operator perfpriance. The
ow [eows o/ ae

maximum slew rates shall be as specified below. L
-
Joint Maximum Slew Rate (degrees per second)

Shoulder Roll: 300 degrees/second.  Actual

Shoulder Pitch: 300 degrees/second.  Actual

Elbow Swing 400 degrees/second.  Actual

Wirist Yaw: 600 degrees/second.  Actual_”

Wrist Rot.(cont.) 80 revolutions/minute  Actual EZEZ 8z2/7

3.4.4 Payload (PCL Req't - SDI Tolerance)

Verify that the slave arm, with standard parallel acting jaws installed, is capable of lifting and holding a

60 £ 2 Ib payload at full arm extension.
P

OK?{Yes Mo Comment

3.4.5 Jaw Closure Force (PCL Req't)

r L
8L 58.0
O ok

Both end effectors shall be opened and closed 10 times at the maximum gripping force. The recorded values shall

be within 25% of the 200 pounds.

L
== 214

A
OK?@NO Comment

3.4.86 Power Requirements (PCL Req'")

18z

Verify electrical power inputs are to customer requirements. Customer requires 110 VAC, 1-Phase,
60Hz to the slave controller, and 110 VAC to the master consolette.

OK? No Comment

17 80 372163 2-80

- A1
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3.5 Software Functions (PCL Req't)

Each of the control modes specified below shall be tested to verify functionality. The tests shall be conducted under
the foliowing conditions;

1. Jaw End Effector shall be carrying 60 Ib 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 “Siow Mode” for

tasks requiring slower speeds. R [
OK?&B No Comment Ok oK

Wrist Mode: Two wrist control modes shall be provided. A “Paosition Control Mode® providing accurate indexing of
the end effector and a “Variable Rate Continuous Rotation Mode” for tasks requiring multipie rotation of the end
effector in either direction. ’R L

OK? /YAeANo Comment ok . CKE,

Three Jaw control modes for the Paralle! Jaw end effector shali 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 position the jaws will remain closed). A “Toggie 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 ability to fix the position of the jaws by releasing switch, will be
provided. ’R L.

OK?ée; No Comment o OK,

Freeze Mcde: The “Freeze Made” electronically freezes the entire Slave Amm 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? Q@No Comment ot 161/

The “Stow Mode” returns the Slave Amm to a pre-determined stowed position. The Slave Am shali retumn to this pre-
determined positiqn via a pathway of up to 5 pre-determined points. This shall be conducted without the payload.

R L
OK?(e; o Comment old ol

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

r O
OK?@ No Comment o L.

4. Acceptance Signoff.- % / z/ / Y, Dlew rates pot /Javérmfc[

Refer to "EXECUTION AND TEST APPROVAL" form attached (V-W-026-C1; 01655-A-1; 6/19 Rev.)
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1. PURPOSE

The purpose of this predelivery test is to verify that the HVEF manipulator system to be delivered to PCL
Construction Services meets the requirements of purchase order number 5701900M and the Schiiling
Development Quality Assurance Program. The following is a summary of the major items included as

part of this order:
Hase-d

12139-4
s HV6F Slave Arm, P/Ns 101-2265 (Right Hand), and 101-2266 (Leﬂ3Hand), SIN
« Master Consolette with Dual Master Control Amms and Electrgnics, P/N 101-2264, S/N /2/3(0-1
Riaht-11G57-4 Le¥t—12137-4] -
s Valve Package Assembly, each with 8 servovalves, P/N 101-2275, S/IN
Right - /2/43- Led+- 12143 -2
e Silave Caontroller including electronics, P/N 101-2308, S/N .

e Junction Box, P/N 101-2159, S/N ﬂz A

2. SUPPORTING DOCUMENTS

Purchase Order No. 5701800M
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 Components (SDI Req't)

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

OK@O Comment

3.2 Physical Dimension Requirements (SDI Req't)

3.2.1 Arm Length (SDi Reqt)

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

36+/-1 inches [}V\ R=36" L= 36"

3.2.2 Jaw Capacity (SDi Req')

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

30401 inches _ (Y R* 3% 1= 3%2

S2
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3.2.3 Jaw Closure (PCL Req't)

Verify by checking that the end effector contains hardstops which prevent the jaws from closing
completely against each cther. The jaw's gripping surfaces shall be padded with rubber sheeting held in

place by side clips. R - L=0
2 Ol Ko
OK?@O Comment

3.3 Materials and Workmanship

3.3.1 Materials (SDI Reqt)

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 ancdized finish.

OK@O Comment R = ol L=0Ok_ -

3.3.2 Workmanship (SDI Req')

Verify that there are no sharp 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. R
R= o L= OR_

—
OK@O Comment,

3.3.3 Marking/Identification (SDI Reqt)

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

OK?@«: Comment K= O L= 02—

3.4 Operation

3.4.1 Bum In (SDI Req't)

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

. R-= L= CIK
OK? @o Comment O‘L




U
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3.4.2 Range of Motion (PCL Nominal Req't - SDI Tolerance)

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

- / 4
Joint Range (degrees) - R L 80 +res
Shoulder Roll: 90 degrees min., £ 5° Actual_88.Z2 88.5
Shoulder Pitch: 90 degrees min., £ 5° Actual . 86.7
Elbow Swing 120 degrees min., + 5° Actual__t 11s5.7
Wrist Yaw: 120 degrees min., £ 5° Actual Zfi 116.&
Wirist Rot.(slaved) 270 degrees min., + 50%- 5°  Actual_283 273.5 +735 -728
Wrist Rot.(cont.) Unlimited both directions QK oK

3.43 Slew Rate )
Each degree-of-freedom shall be actuated 10 times and its slew rate measured. The recorded values shall be

compared to those specified below. The minimum slew rate shall enable satisfactory operator performance. The
maximum slew rates shall be as specified below.

weLw ow/CLE:w

C
Joint Maximum Slew Rate (degrees pef second)
Shoulder Roli: 300 degrees/second.  Actual
Shoulder Pitch: 300 degrees/second.  Actual
Elbow Swing 400 degrees/second.  Actual
Wrist Yaw: 600 degrees/second.  Actual_:
Wrist Rot.(cont.) 90 revolutions/minute Adualm 7 / 96

3.4.4 Payload (PCL Req' - SDI Tolerance)

Verify that the slave arm, with standand parallel acting jaws installed, is capable of liting and holding a
60 % 2 Ib payload at full am extension. R L=

OKNo Comment 58 6 58.6
OV oRr_

3.4.5 Jaw Closure Force (PCL Req't)

Both end effectors shall be opened and closed 10 times at the maximum gripping force. The recorded values shall

be within 25% of the 200 pounds. R=28 - %
25£27
OK? No Comment /225 2

3.4.6 Power Requirements (PCL Req*)

Verify electrical power inputs are to customer requirements. Customer requires 110 VAC, 1-Phase,
80Hz to the slave controller, and 110 VAC to the master consolette.

OK?No Comment
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3.5 Software Functions (PCL Req't)

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

1. Jaw End Effector shall be carrying 60 Ib 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. 72 - O L L= OW_

OK? o Comment

Wrist Mode: Two wrist control modes shall be provided. A “Position Control Mode® providing accurate indexing of
the end effector and a “Variabie Rate Continuous Rotation Mode" for tasks requiring multiple rotation of the end

effector in either direction. 72 = O )0\ L= OK

OKo Comment

Three Jaw control modes for the Parallel Jaw end effector shall be provided. An *Open Mode® shall
maintain the jaws open until the operator deflects the jaw switch (.e. as long as the switch is held in a
deflected position the jaws will remain closed). 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 ability to fix the position of the jaws by releasing switch, will be

provided. ? = CD ’Z\ L= O{L
OK?@ No Comment .

Freeze Mode: The “Freeze Mode" electronically freezes the entire Slave Am 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? o Comment =® Lok

The “Stow Mode" returns the Slave Arm to a pre-determined stowed position. The Slave Arm shall retum to this pre-
determined position via a pathway of up to 5 pre-determined points. This shall be conducted without the payload.

R=0OK. L-0cp_

OK? {{es Mo Comment

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. retum to a stowed position). This shall be conducted without the payload.

OK? @No Comment R= GD’A L= O

,_/2_ w Mt yaus
4. Acceptance Signoff 5j9’Lfm meets sSpee—, except foe ?3

//22/7@ Slew retes nert- pcrvéfmec[
Refer to "EXECUTION AN@PROWL- fomm attached (V-W-026-C1: 01655-A-1: 6/19 Rev)
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1. PURPOSE

The purpose of this predelivery test is to verify that the HV6F manipulator system to be delivered to PCL
Construction Services meets the requirements of purchase order number 5§701900M and the Schilling
Development Quality Assurance Program. The following is a summary of the major items included as

part of this order:
11956 -1 12139-3
e HV6F Slave Arm, P/Ns 101-2265 (Right Hand), and 101-2266 (Left Hand), S/N
+ Master Consolette with Dual Master Control Arms and Electronics, P/N 101-2284, S/N /Z/& -2
Right = 119571 Lt 121373
e Valve Package Assembly, each with 6 servovalves, P/N 101-2275, S/IN
Right'=2)43-4 L 121437
« Slave Controller including electronics, P/N 101-2308, S/N .

e Junction Box, P/N 101-2158, S/N

2. SUPPORTING DOCUMENTS

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

3. TEST DESCRIPTION

The foilowing 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 Components (SDI Req't)

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

OK?@NO Comment

3.2 Physical Dimension Requirements (SDf Req't)

3.2.1 Arm Length (SD! Req't)

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

36+/-1 inches _QL- R- 3¢ L=2"

3.2.2 Jaw Capacity (SDI Req't)

Measure and record the separation of the jaw gripping surfaces when the jaws are fully open.
4 = 3%
3.0+01inches Q)L R= 342 L= 3%z

35
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.3.2.3 Jaw Closure (PCL Req't)

Verify by checking that the end effector contains hardstops which prevent the jaws from closing
completely against each other. The jaw's gripping surfaces shall be padded with rubber sheeting held in
place by side clips. ”

OK?o Comment_ Ko bbe 'D_gdh Cortet

3.3 Materials and Workmanship

3.3.1 Materials (SD! Req't)

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 Workmanship (SDI Req't)

Verify that there are no sharp 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. Q cow LW

OK?@O Comment

3.3.3 Marking/identification (SDI Req't)

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

OK? No Comment

3.4 Operation

3.4.1 Bum In (SD! Req't)

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

OKNo Comment
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3.4.2 Range of Motion (PCL Nominal Req't - SDI Tolerance)

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

specified values.
. . Lely
Joint Range (degrees) R 3\“4— .

Shoulder Roll: 90 degrees min., £ 5° Actual_BR.[{, . &1.8 139
Shoulder Pitch: 90 degrees min., £ 5° Actual,_8b.9 g7
Elbow Swing 120 degrees min., + 5° Actual . .2
Wirist Yaw: 120 degrees min,, £ 5° Actual .
Wrist Rot.(slaved) 270 degrees min., + 50%- 5°  Actual 5.7 e -
Wirist Rot.(cont.) Unlimited both directions 2g2.1

3.4.3 Slew Rate -

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

maximum sltew rates shall be as specified below.
cus feand ewleay;
Joint Maximum Slew Rate (degrees per second) Lef

Shoulder Roll: 300 degrees/second. Actual______

Shoulder Pitch: 300 degrees/second.  Actual

Elbow Swing 400 degrees/second.  Actual

Wirist Yaw: 600 degrees/second. Actual_*___ ¢

Wrist Rot.(cont) 90 revolutions/minute Aauau%ﬁs- Q2 / &
W B8

3.4.4 Payload (PCL Req't - SDI Tolerance)

Verify that the slave arm, with standard parallel acting jaws installed, is capable of lifting and holding a
60 £ 2 Ib payload at full arm extension.
payl R or_  L=ock

OK? ffes No Comment 58.4 S8.6

3.4.5 Jaw Closure Force (PCL Req')

Both end effectors shall be opened and closed 10 times at the maximum gripping force. The recorded values shall

be within 25% of the 200 pounds. L
27{37?‘_“_ frad 2H3B “oRds
OKo Comment Z_bg wlmd 181 @lPads
20

3.4.6 Power Requirements (PCL Req't)

Verify electrical power inputs are to customer requirements. Customer requires 110 VAC, 1-Phase,
60Hz to the slave controller, and 110 VAC to the master consolette.

OK?No Comment
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3.5 Software Functions (PCL Req't)

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

1. Jaw End Effector shall be carrying 80 Ib 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. 2:_0 IL L. =0K_

OK? o Comment

Wrist Mode: Two wrist control modes shali be provided. A “Position Control Mode" providing accurate indexing of
the end effector and a *Variable Rate Continuous Rotation Mode” for tasks requiring multiple rotation of the end

effector in either direction. B=ak_ L= Ok

OK? @o Comment

Three Jaw control modes for the Parailel Jaw end effector 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 position the jaws will remain closed). 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 ability to fix the position of the jaws by releasing switch, will be

provided. TL:OL/\ L=Ok_
OK? Yes No Comment

Freeze Mode: The “Freeze Mode" electronically freezes the entire Slave Amm in the position it is in when the freeze
mode is entered. The Master COntroller shall be able to freeze individual Slave Arm joints. L= Odo

R=ol_

OK? {(¥es )No Comment

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

OK? @40 Comment R0 v L=ok

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. retum to a stowed position). This shall be conducted without the payioad.
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