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1. SCOPE OF THE WORK

This document reports the informations related to the M2 Hexapod f9/f15 for the MMT
upgrade.

Hexapod electromechanical parts are reported in terms of requirements fulfilment, parts
and material list, assembly and workshop drawings, manufacturer's data sheets of
commercial components, linear actuators testing in ambient conditions (test procedures
and test results), installation and maintenance instructions and handling and
transportation instructions for delivery.
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2. APPLICABLE DOCUMENTS

- 1.1 W.Gallieni and R. Pozzi, «tMMT CONVERSION - SECONDARY MIRRORS
SUPPORT - M2/F15 and M2/F9 HEXAPOD DESIGN - TECHNICAL REPORT»,
Doc: D00001, Issue 3, January 1997,

- 1.2 Assembly drawings: 200505, 200513, 300931 and 300930.

Pag.5
ADS Srl - Corso Promessi Sposi, 23/d - 23900 Lecco - ITALY



(ﬂ\ Doc.No :H9-DP-AD-001

) MMT CONVERSION Issue 1
2_S, Date : Oct.1998

3. HEXAPOD DESCRIPTION

The f9/f15 hexapod electromechanical parts include:

¢ seven (7) linear actuators (six + one spare);

o fixed and mobile platforms;

¢ six (6) interface supports for actuator joints fixture on the platforms.

The actuator is based by a direct drive configuration with frame-less motor and encoder
on the same spindle axis.

The actuator nominal length (zero nominal stroke position) is 330 mm. measured
between actuator’s joints ledqges. '

The actuator nominal stroke is £ 10 mm from the zero position.

The max angular displacements of the flex joints is + 1,0 degree.

The satellite roller screw is of the re-circulating rollers type.

The motor gives 0,82 Nm continuous stall torque and 4,07 Nm peak torque.
The brake has 1,7 Nm static torque.

The incremental encoder has 3600 counts per revolution resolution, giving 0,28 pm
linear resolution on the 1 mm pitch screw.

LVDT linear position sensor gains are reported in the functional test results.
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4. LINEAR ACTUATORS

4.1. Parts and material list
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5. HEXAPOD PLATFORMS

5.1. Parts and material list
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5.2

Assembly and Workshop Drawings
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COMPONENTS SELECTIONS AND MANUFACTURING DATA SHEETS

6.1. Roller screw
[ Manufacturer ROLLVIS (Swiss)
Screw Diameter 20 mm
Screw Lead 1 mm
Number of Thread Starts 1

Lead Error

Tolerance class G1 : Vagop=6um, €,=6pm

Type of screw

Satellite roller screw with recirculating
rollers

Nut Type Split nut preloaded flanged at one end

Nut Preload 450 N

Torque due to Preload 0.061 Nm

Direct Efficiency (lifting) n11=0.737

Indirect Efficiency (lowering) 1n2=0.642

Static Load Capacity 13.8 KN

Dynamic Load Capacity 9.1 KN

Nut Axial Stiffness 446 N/um

Material Stainless steel X46Cr13

Lubrication KLUB.ER ISOFLEX TOPAS NCA 52
(Rollvis roller screw standard grease)

6.2. Ball Bearings

Screw central support bearings - part number 112 (see actuator assembly drawing):

Manufacturer : FAG (Aerospace and Super Precision Bearings Division) - The

Barden Corporation.

Type : medium preloaded (nominal value 256 N) angular contact ball bearings pair

in “O" configuration.

Tolerance class : high precision P4S (ABEC 7).
Material : carbon chrome steel for rings and balls.
Cage : made of bakelized cloth guided along outer ring.
Non separable and without shields.
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4 locita di Sigl Massa |
lonl Coeff. dl Ve gla
Albero Dimension sl riferimento') -
din. stat.
d D 8 a c C, grasso  minimale  Cuscinetto
~ ad olio
mm KN girl/min FAG kg
E 8 88 51 34000___ 45000 B7190AC.TPA.PA.UL 0,034 _
20 gg g; g’ 11 83 49 30000 40000 BT1904E.TPA.P4.UL 0,034
20 42 12 10 10 : 30000 40000 B7004C.TPA.PA 0,069
20 42 12 10 a : 30000 DOOD B7004C.TPA.P4.UL 0,069
20 42 12 10 10 ; 30000___ 40000 B7004C.TPA.PA.K5.UL_ 0,069
20421210 0__6 30000 40000 B7004C.TPA.HG.L 0,060
—p 20 42 1213 95 57 26000 __36000 __ B7O0DAE.TPA.P4.UL 0,069 _
) 37 14 12 129__75 28000 38000 B7204C.TPA.P4 0,108 _
20 47 14 12 ) 1289 75 28000 38000 B7204C.TPA.P4.UL 0,108
20 47 14 12 —129__ 7.5 2 38000 B720AC.TPA.PA.K5.UL 0,108
20 47 14 12 X T - 28000__ 38000 B7204C.TPAHG.UL 0,108__
20 47 14 15 125 7.2 24000 34000 BT7204E.TPA.P4.UL 0,108
o5 2542 __9 ) I si5_57 2800036000 B71905C.TPA.PA.UL __ 0,04
25 42 9 12 _B65 55 24000 34000 B71905E.TPA.PA.UL 0,04
25 4712 1 1172 26000 36000 B7005C.TPA.P4 0,084
25T AT 12 11 7.2 26000 36000 B7005C.TPA.P4.UL 0,084
5 47 12 1] 11 72 26000 36000 B7005C.TPA.P4.K5.UL 0,084
25747 _ _12___ 11 1 72 28000 36000 B700SC.TPA.HG,UL 0,084
25 47 2 14 10,6 6,95 24 34000 BT700SE.TPA.P4A.UL 0,084
25 82 15 1% 14,693 24000 34000 B7205C.TPAP4 0,133 _
25 52 15 46 9.3 24000 34000 B7205C.TPALP4. UL 0,133
25 52 15 2 14,6 9,3 24000 34000 B7205C.TPA.P4.K5.UL 0,133
25— 52 _45- 14 _146_ 9. 74000 34000 B7205C.TPA.HG.UL 0,133
25 82 15 3 14,6 9. 24000 34000 B7205C.TPAHGKSUL 0,133
25 52 15 7 13,7___8,¢ 22000 32000 B7205E.TPA.P4.UL 0,133
30 047 9T TTH6” |70 685 24000 34000 B7I906C.TPAPAUL 0046
30 47 9 14 95 8,55 22000 32000 B71806E.TPA.P4.UL 0,048
3055 13 12 ] 743 10 22000 32000 B700BC.TPA.PA 0117 __
30____55 13 12 14,310 22000 32000 B7006C.TPA.P4.UL 07 __
30 §5_ _13____12 —14,3__10 22000 32000 BT7008C.TPA.PA.KS.UL_ 0,117 __
3055 13 12 143 2200032000 B7006CTPAHG 0717
30 55 13 12 14,3 22000 ___ 32000 B7006C.TPAHGUL 0,117 __
3055 13" 16 134 § 20000 30000 B7ODEEYPAPA.UL 0,117
30 62 ___16 14 20,83 20000 30000 B720BCIPAPA____ 0,204
30762 _ _16___14___ I 208 20000 30000 B720BC.TPA.PA.UL 0,204
3062 1614 20,81 20000 30000 B7208C.TPA.PA.KSUL 0204
30 62 T 16___ 14 T20,8 20000 B87206C.TPA.HG.UL 0,204
3 62__ 16 14 208 13, 2000030000 B7206C.TPAHGKSUL 0204
3 62 16 18 20 3.2 8000 26000 B720BETPA.PA.UL 0,204
T 185§ 72000 32000 B7I807CIPAPAUL D076
3 5 35 55 10 18 104 8,15 18000 26000 B71907TETPA.PA.LL 0,078
= B
- — . : ),
e Screw end support bearing - part number 102:
— Manufacturer : FAG.
~ Type : radial ball bearing.
-~ Tolerance class : P4 with reduced radial play (ISO class 4).
- Material : carbon chrome steel for rings and balls.
— Cage : made of steel.
— Non separable and without shields.
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Cuscinetti radiali rigidi a sfere
ad una corona
I Eﬁ"‘ —1bn
¥ —aple
: ' e (N r,,,,,h' —
! 05 -
. ) 'n n
o, d e}
| W
|
N @'N
1
- B -
2ZRAN
(" Albero Dimension Coeft. di Velocita di Sigla Massa
carico riferimento "~
din. stal. Angclio
d D 8 n D, 8q bp C Co grasso ollo Cusci- dl anco-
min netto ragglo
mm kN giri/min FAG FAG kg
8 8 16 4 02 15 70,64 | 36000 43000 618/8 0,003
8 22 7 03 325 1,37 | 30000 36000 608 0,013
x8 22 7 03 325 1,37 | 15000 608RSR 0,013
8 22 7 03 3.25 1,37 | 19000 608.2RSR 0,013
8 22 7 03 325 137 | 19000 608.2RSR.C3 0,013
8 22 7 03 325 1,37 | 30000 608ZR 0,013
8 22 7 03 325 1,37 | 30000 608.2ZR 0,013
8 22 7 03 325 1,37 | 30000 608.2ZR.C3 0,013
9 9 24 7 03 3,65 1,63 | 30000 36000 609 0,015
s 24 7 03 365 1.63 | 18000 609ASRK 0,015
9 24 7 03 365 1,63 | 18000 608.2RSA 0,015
9 24 7 03 3.65 1,63 | 30000 609ZR 0.015
9 24 7 03 365 1,63 | 30000 609.2ZR 0.015
9 24 7 03 365 1,63 | 30000 609.2ZR.C3 0,015
9 26 8 06 455 196 | 28000 34000 €29 0,02
8 26 8 06 4,55 1,96 | 19000 629RSA 0,02
9 26 8 06 455 196 | 15000 629.2RSA 0,02
9 26 B 06 455 196 | 10000 629.2ASA.C3 0,02
9 26 B 06 455 1,96 | 206000 629ZR 0.02
8 26 8 06 455 1,96 | 28000 829.2ZR 0,02
8 26 B 06 455 1,96 | 28000 629.2ZR.C3 0,02
10 10 19 5 03 1,73 083 | 34000 40000 6&1800T 0,005
10 26 8 03 455 1,96 | 28000 34000 6000 0.019
10 26 8 03 455 1,96 | 28000 34000 6000.C3 0,019
10 26 8 03 455 196 | 17000 6000RSR 0,019
10 26 8 03 455 196 | 17000 6000.2RSR .- 0,019 -
—PPpio 26 8 03 3,45 146 | 28000 34000 6000Z15 0,019
10 26 8 03 345 1,46 | 17000 6000Z15.2RSR 0,019
10 26 8 03 4,55 196 | 28000 8000ZR 0,019
10 26 8 03 455 196 | 28000 6000.2ZR 0,019
10 26 8 03 455 1,96 | 28000 6000.2ZR.C3 0,019
10 28 8 03 455 1,96 | 26000 32000 16100 0,023
10 30 9 06 6 2,6 26000 32000 6200 0,03
10 30 9 06 6 2.6 26000 32000 6200.C3 0,03
10 30 9 06 6 2:6 17000 6200RSR 0,03
10 30 9 06 6 2.6 17000 6200.2RSR 0.03
10 30 8 06 6 2.6 17000 6200.2RSR.C3 0.03
10 30 9 06 45 196 | 26000 32000 6200215 0,03
10 30 9 06 45 196 | 17000 6200Z15.2RSR 0,03
10 30 9 06 6 2.6 26000 6200ZR 0,03
10 30 9 06 2817 206 13504 | 6 2,6 26000 6200ZRN SP30  0.03
10 30 9 06 6 2:6 26000 6200.2ZR 0,03
10 30 9 08 6 2,6 26000 6200.2ZR.C3 0,03
10 30 9 06 28,17 2,06 13504 | 6 2,6 26000 6200.2ZRN SP30 0,03
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All the bearings were lubricated with KLUBER ISOFLEX NBU 15.

6.3. DC Motor

Manufacturer KOLLMORGEN Inland Motor
Direct Drive Torque Motor in frameless
configuration with embedded Hall sensor for phases
Type commutation :
e QT-2404
Cont. Stall torque 0.82 Nm
Number of Poles 4
Peak Torque 4.3 Nm
Peak power at stall 260 W
Motor Constant |0.25 Nm/JW

More details about the QT-2404 are reported in the attached data sheet.

Direct Drive Torque Motors :
PERFORMANCE DATA

DC Servomotors

Electrical
PeskTorqgue  Motor  PeskPowsr Nodoad T Seatic Rotor Mokor
Bodel stStal  Constant St . Speed  Comstent  Frickon  Inertie Physical Dimensions Weight
Fumber T Ka P o L] T o 00 [ Langth
L2} BANVWA  Waits rod/sec - A B-hosc n " ey "
OT-2404 .00 0.180 260 64 10 0.080 0.0002 RS L] 1.00 1.5 24
KOLLMORGEN
Mollon Technologles Group 1 800 77 SERVO
ichsiral and Commertial Producis ca7 (777-37886)
Pag.53
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: 3 mw‘.! :i 4 k‘i
4 49 Mall Drive 4774

NY 11725

b A
D

R Y

LPS. INTERNATIONAL PROMOTION SERVICES .11

e, 33 ; 00143 Roma
KOLLMORGEN [r<r=oiebiituiivin
MOﬂ(l‘lTed'HK)logles Group Tolelax: +39-6-6005069

{PMI 2 Industrial Drives = SMG = inland Motor = Artus * VMG,
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QT-0717 Direct Drive Torque Motor DC Servomotors

DIMENSIONS (Example Motor)

.187
182 ORANGE

=] =125 MmaAX.
B — = BRUSH RING

050
MTG. REQ'T.

e ‘E l A27 | |

1.124 @ 745 123 - fl—'.——l.
| 2P l L
@312
: T,
2P
-A- 377 188
: :gi’ém 2 17
© .063 THAU C’SINK 82® TO
MTG. REQT. D .156 2 HOLES £Q. SPACED ON
o 918
Notes:
1. Motor o be shipped as three separats ﬂuw Symiots V::- “:
components: Brush Ring Assembly, Paak torgue raling Tr o
Rolor Assembly, and Stator Assembly. Motor constant K 0.529 azinYWa
2. With a positive voitage appiied 10 green Power input, stalled, o T»* Py 53 Walts
lead, with respect to orange lead, rotation No-ioad speed (theoretical) at Ve - 1950 md/sec
a. ﬁz‘hﬁfw Iacing bruush fing end. Viscous demping - 2or0 Impedance fe TO7R10° | ozdnpe disec
Viscous damping - nfinlls imped: ¥ 0.0003 2-in per radfsec
Blackrical tme constant T 0.12 "
Tomg rise por Wat PR 4 CAVatt
Max winding temperature - 155 c
Ripple torque, aversge o peak Ta 7 percent
Rippla frequency, indamental - 13 cyclesfrev
Number of poles - 4 -
Static friction (mex) T 025 an
Rotor inartia Ju 4x10* oz4n-sec’
Motor weight - 14 o
Winding Designation
Wincing Constanta Symt Uts [T A B c D 3 F G
OC resistance® Ra ohma 212.5% 1.50 415 1"e 1.9 16.9
Vohage, siafled at T* Ve Voks nom 199 503 25.1 9.93 28.4
Peak crrent b amps rated 265 1.08 21 520 1.88 .
Torque sensiévity K ozdvamps | 10% 145 34 182 [ 22
Back EMF constant [ Vperradsec| 210% Q.0102 0.0257 0.0128 0.0052 0.0182
inductance L mH X% 080 57 14 ‘023 22
*25°C
T ot 1-800-77-SERVO
indusuial and Commercial Products Cc90 (777-3788)
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6.4. Optical Incremental choder

Manufacturer HEIDENHAIN (Germany)
Type Optical incremental encoder in
frameless configuration : ERO 1324.
3600,
Line Counts sinus-cosinus (incremental) and reference signals,
analog output.

More details about the ERO 1324 are reported in the attached data sheet.

ADS Srl - Corso Promessi Sposi, 23/d - 23900 Lecco - ITALY
Steward Observatory - University of Arizona - 933 N.Cherry Ave., Tucson Arizona 85721 - USA

Pag.56




MMT CONVERSION

Issue
Date

Doc.No : H9-DP-AD-001
01
: Oct.1998

=

//
/
N

HEIDENHAIN

Incremental Modular Rotary Encoders

ERO 1324

[

Manutacturers are increasingly calling for
rotary encoders for mourtting on through
shafts with comparatively large dia-
meters and which allow fast mounting
times. The modular rotary encoders of
the ERO 1300 series are directed at such
applications.

These encoders consist of a graduated
disk/hub bly and a ing
unit. The graduated disk/hub assembly,
with fine counts of 100 to 5000, is in-
stalled directly on the shaft. The scanning
unit is centered on the mounting surface
with a centering collar. The scanning gap
1s set with a spacer foil by sliding the
disk/hub assembly on the motor shaft.
Depending on the line count, the scanning
gap ranges from 0.2 mm 10 0.3 mm.

September 1993

The ERO 1324 with its outside diameter
of 76 mm allows through shafts with
diameters up 10 30 mm. For shaft dis-
meters up to 40 mm the ERO 1325 or
ERO 1355 can be smployed, although
this requires a scanning unit with a larger
outside diameter of 88 mm. The overall
length of the ERO 1324 is approximately
39 mm, that of the ERO 1325 and

ERO 1355 approximately 44 mm.

Direct mounting of the graduated
disk/hub assembly on the shaft assures
high connection rigidity since only the
torsion spring rate of the shaft between
the graduated disk and the scanning unit
has any influence. Furthermore, the

ERO family encoders produce no addition-
al starting torque. Since the encoders

of the ERO 1300 series are exposed opti-
cal measuring systems, the user must

provide a cover to prevent extraneous light
from falling on the photovoitaic cells and
to protect the encoder from contamination.

The output signals are either TTL square-
wave signals or 11 pApp sinusoidal
signals and a reference mark signal. With
sinusoidal output signals it is possible to
increase the resolution as against square-
wave signals through the use of external
interpolation electronics units. The encod-
ers receive current through s PCB con-
nector, The maximum scanning fre-
quency for square-wave pulse trains is
160 kHz, although optional electronics
with 400 kHz or 800 kHz maximum scan-
ning frequency are also available.
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Electrical Data E R O 1 3 2 4

Power supply 5V £ 5 %/max. 160 mA (with no load)
Light source: LED

Output signals incremental signals  TTL square wave pulse trains Us1, Uyz and their inverted
pulse trains Ty and Uyz. Uaz lags Ust with clockwise
350‘19' Ugt rotation (when viewing mounting surface at the scanning unit}
0 :
i e Edge separation a2 0.14 ps with scanning freq. 800 kHz (ERO 1324 .0J008)
Ua2 a 2 0.28 ps with scanning freq. 400 kHz (ERO 1324 .Joo4)
0 : a 2 0.7 us with scanning freq. 160 kHz (ERO 1324 .(J000 and
| ERO 1325.00000)
—'_.1— 0% el. |
IJI . . -
0 ! - !_ | 0 Reference signal One square-wave pulse Uy per revolution and its inverted
o = [ 2 pulse Uyg
Width: 90° el.
<50 ns
Error signal One square-wave pulse Us
{only with ERO 1324 .[J004 and ERO 1324 .(JJ008}
U,s = High: proper function
U,s = Low: error condition
Signal levels Uhigh 2 2.5V at ~lnigh <20 mA
Ulow € 0.5Vat low S20mA
{with supply voltage + 5 V at encoder)
Load capacity ~lHigh € 20 MA
llow S20mA
Cloed S 1000 pF
Switching times Rise time t.<100ns
Falt time t <£100ns
Scanning frequency f < 800 kHz (ERO 1324 .[Jo08)
f < 400 kHz (ERO 1324 .0J004)
f < 160 kHz (ERO 1324 .[J000 and ERO 1325 .[J000)
Electrically permissible speed n ne Scanning freqzuency finkHz 60 - 10% rpm 2 = line count
Recommended input circuitry SR
of the subssquent electronics G \1 ___________ |/ 4
] vl Gz, 26522
ol o MC3485
RS-422 $a i 1
OIN 86259 ; -
3 HID
AP | el P L
Uas | i AMZ6L5I2
TR @n. T e

Cable length to subsequent electronics Max. 100 m (329 ft) with HEIDENHAIN cable 14(2x0.14)+{4x0.5))mm?
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6.5. LVDT and conditioning board

The DCM-1000 is single channel DC-operated signal conditioner capable of providing
conditioning of most LVDTs and RVDTs. Operating from +15V DC, the DCM-1000
provides all necessary circuitry required to operate the position sensor and provide a
high level, low noise analog DC output suitable for feeding analog or digital indicators,
PLCs and other system indicating and control instrumentation.

Manufacturer Macro Sensor (U.S.A.)
Power input voltage & Current +15V DC, 50mA max
Excitation Voltage 3V rms

Excitation Freq. 3kHz, 5kHz or 10kHz
Input Impedance 200 Ohms (min)
Output Voltage +10V DC

Output Current 5mA

Frequency Response -3db at 250Hz

Output Ripple <10mV rms

QOutput Impedance <10 Ohms
Nonlinearity +0.01% FSO
Operating Temp. range -18° to +70°C

Temp. Coeff. of Sens 0.18% FSO/°C
Controls Zero and Span
Weight 24 g

Mating Connector Cinch #50-10A-20 or equiv.

6.6. Inductive Proximity Switch

Manufacturer BAUMER ELECTRIC (Swiss)
Type ingiuctive proximity switch normally open (NO)
with LED, type IFR 05.26.35/L.
Voltage supply 10+30 VDC
Temperature Range |(-25°C,+75°C)

More details about the switch are reported in the attached data sheet.
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Cylindrical design
DC version / cable connection

10-30 VDC
<10 mA
100 mA
<25V
5 kHz
0.8 mm
| 3.20%

red LED
yes
yes

-25...475°C

chrome-nickal-steal (1.4305)
IP 87

<
M
lo
o

4
I

L*)
SW
16,5
25

75]]
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Technical data hag been fully checked. but accuracy of printed manter not guaranteed.

Printed in Switterand TTW L35 No. 30008

Baumaer olecitic

. Baumer Electric S.r.l.

. 20090 Assago (M) - Via E. Fermi, 8

. Tel. (02) 45.70.60.65. (4 linge r.a.)
Fax (02) 26.12.62.70 .

Baumer Electric AG
Hummelstrasse 17

CH- 8500 Frausnfeld
Switzerland

Phone +41 54728 1122
Fax +41 54728 11 44

Baumer Electric Ltd.

33/36 Shrivenham Hundred
GB-Watchfield, Swindon, SN6 8TZ
United Kingdom

Phona +44 793 783 839

Fax+44 793 783 814

Resoivers Micro Switches
Programmable Limit

Swilches % L
Baumer electric
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6.7. Brake
Manufacturer ELECTROID COMPANY
Type EFSB 15
Torque 1.7 Nm
Weight 0.37 Kg
Inertia of rotating armature 3.5 e® Kgm*
Response time 45 Millisec

More details about the EFSB 15 are reported in the attached data sheet.

ELECTROID COMPANY

A DIVISION OF VALCOR ENGINEERING CORP.
45 Fadem Road * Springfield, NJ 07081
201/467-8100 Fax: 201/467-5656

L.LP.S. INTERNATIONAL PROMOTION SERVICES s.rl.

Via Gide, 33 - 00143 Roma
Tel: +39-6-5020321 (3 linee)
Telefax: +39-6-5005069
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EFSB SERIES I

EFSB-1-3-7-15-35-50

| ‘.
{4) wic. wours ol
b igrid &
*C oLt CcmeLs
L10 AR CAP MM
BOTWEEN A AND
ARMATURE MATE
(SET AT BISIALLATION)}
A B c H
MODEL # DIA. AR GAP DIA. DIA. J K L L, M A s
1 3 1 .003 {3)
EFSB-1 — e — 70 1.375 .280 126 11 .88 73 A4 .09 A9
8 16 4 .006 DIA. B.C.
3 1 3 006 (3)
EFSB-3 St T0 1.750 410 128 1545 | 1.06 87 .53 1 20
16 4 8 .010 DIA. B8.C.
1 3 1 .005 347)
EFSB-7 ——— T0 2.44 625 472 2125 | 145 | 125 .69 10 31
4 8 2 015 627 DIA. B.C.
1 3 1 005 147)
EFSBIS | " 'y 10 2.44 £25 A72 2125 | 145 | 125 89 .10 )|
015 627 DIA. B.C.
1 5 3 .005 g’)
»EFSBAS |5 "yl 10 3.50 1.000 3 3125 | 189 | 163 1.00 a7 34
015 1.002 DIA. B.C.
] 3 005 4)
EFSB-50 | — * 2.2 T0 3.50 1.000 }03 3125 | 189 | 1.63 1.00 a7 a4
2 8 4 015 1.002 DIA. B.C.
NOTES:

1. Attachment of armature hub is secured by key (where noted) and two set screws.
2. Maximum rated speed 7500 RPM.
3. 90 & 24728 Voh DC are standard, built-in rectifiers for direct A.C. use. (Other voltages available upon request)
4. These models are also available with ZERO BACKLASH spring release amature assambiies. Consutt ELECTROID for detalls.

MECHANICAL ELECTRICAL
RATED STATIC UNIT WEIGHT INERTIA OF ROTATING RESPONSE TIME RATED VOLTAGE CURRENT
u [) - -8 - COML# VX XA] (AMPERES) |
1 80 05
EFSB-1 1 0.3 001 25 2 2478 13
1 90 05
EFSB-3 3 0.4 004 35 2. 24128 13
1 20 .07
EFSB-7 7 1.2 012 45 2 24728 20
; 1 [ 12
EFSB-1S 15 1.2 012 45 2 24128 .30
1 90 .08
EFSB-35 a5 2.7 127 95 2 24728 25
1 80 09
EFS8-50 50 2.7 127 95 2 2428 29
E-5 CALL ELECTROID « 201-487-8100
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6.8. Structural Parts

All the structural parts such as the actuator housing and joints forks are made of
aluminium alloy ANTICORODAL alloy 6082 UNI 9006/4 with ALODINE 1200 anodising
treatment. -

The joints crosses and covers and other rings are made of stainless steel AlSI 304 for
stiffness reasons.

All the fixation screws are made of stainless steel in accordance to UNI classes.

More details about the certificate material are reported in the attached sheet.
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. FRMA _,bﬂ__l_
. e NLOTTOML
SPESSORE ool ‘ Lot MATERALE P
SRILLANTEZZA oA ACCETTATO NO
NOTE
a0zReNza . TBS TINR..Ofe Tedi et - | ‘
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AIROLDI METALLI S.R.L.

Alluminio - Rame - Ottone - Bronzo - Inox

ANNONE DRIANZA (LC) Via Piovinciale, 34
Tal. 0341 /260 916 ¢ a. - Telefax 0341 / 260.662

Annone Brianza, 20/05/97

*
Spettabile  O.8.C. SNC DI SCARCIA
VIA DEGLI ARTIGIANI 15
. CASATENOVO
CERTIFICATO DI CONFORMITAN® 448

© VS ORDINE DI ACQUISTO N° 07/04,97

RIFERIMENTO NOSTRA BOLLA N 1663 DLl 21,0497

ST CERTIFICA CHE IL SEGUENTE MATERIALE INOX TONDO LAMINATO 120
LEGA INOX 303

L' STATO SOTTOPOSTO A REGOLARE COLLAUDO T RISULTA CONFORME ALLE
"PRESCRIZIONI DELLA LEGA  AISI303

NORMAUNI X 40 L1 NU 5 1809
NELLO STATO DIFORNITURA [LAMINATO

Dls. ADS Bcoqza /A -
Abs  (oo6r6 /n
aps  {oo6l4d/A .
A BoA35/N -

C. Q. ACCETTAZIONE AIROLDI METALLI S.R.L.

FIRMA ﬂug___ © UFFIC CNICO
DATA 3 ob.

morrou..ﬁ&i:(al;nésﬂ-l«o

MATERIALE o

ACCETTATO NO
NOTE: _,

MEDIA LARIO

2. “*
(R

¥
o

mod, 80904 4
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- AIROLDI METALLI S.R.L.

Afluminio - Rame - Ottone - Bronzo - Inox

ANNONE HRIANIA (LC) Via Provinciale, 34
Tel. 0341 /260916 r. a. - Telofax 0341 /280.562

Aunnone Brianza, 20/03/97

S
Spettabile  0.8.C. SNC DI SCARCIA
VIA DEGLI ARTIGIANI 15
~ CASATENOVO
CERTIFICATO DI CONFORMITA N> 449
VS ORDINE DI ACQUISTO N® 004,97

RIFFRIMENTO NOSTRA BOLLAN® 3663 DEL 21/04/97

SECERTIFICA CHE IL SEGUENTE MATERIALE ANTICORODAL TONDO 110
LEGA 6082 T 6 LOTTO 454

1 STATO SOTTOPOSTC A REGOLARE COLI AUDO E RISULTA CONFORME ALLE
PRESCRIZIONI DELLA LEGA 6052 T6
NORMA UNI 9006/4

NELLO STATO DIFORNITURA T6

s . AS 200924 [0
AQS  L100&R0 [

% ‘.e'"f{?
iy _-: e N MEDIA LARIO

___C. Q. ACCETTAZIONE AIROLDI METALLI S.R.L.

FH<EAA iF o s i
Sy —,LL—_QG'% UFFICIQ/JEENICO
N LOTTO ML =

o B010d d
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'AIROLDI METALLI S.R.L.
Alluminio - Rame - Ottone - Bronzo - Inox

AHNGNE BHIANZA (1.C) Via Provinclale, 34
Tol. 1331 1 260416 r.a - lelefax 0341 f 280.582

Annone Bnanza, 20005/97

Spettabile 0.8.C. SNC DISCARCIA
VIA DEGLY ARTIGIANI |5
 CASATENOVO

ClR U ALO D CORPORNMITS AN 451

VS ORIING D] ACOUISTO N 070407

RIFERIMEN VO NOSTRA IO LA N 603 DEL 2104007

v CUR L ACA CHETL SiaGUias L atA T ERIALL INOX AISEIU4 TAGLIATO SP 50
[.LEGA 301

P PATOSOTITOROSTO A REGOLARL COLLAUDO 2 RISULTA CONFORME ALLE

FRESCRIZIONI DELLA LEGA AISE 3

ORMA UNT X 5 ¢u N 48440

NECLOSTATO DEFORNITURN  GREZZ0 DELAMINAZIONE

©is.  ADS Z00692/4

e T o )
e Em, MEDALARIO
C. Q. ACCETTAZIONE

FRMA 7 AIROLDI METALLIS.R.L.

DATA — 13008 |
N'LUWOM--ML—-_ © UFFIADTECNICO
MATERIALE

ACCETTATO N('.‘
J NOTE: In DELOG O

’a “Hine w8
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AIROLDI METALLI S.R.L.

Alluminio - Rame - Otlone - Bronzo - Inox

ANMONE BIMANZA (LC) Via Provinciale, 34
Tel 0341 /260916 1. a. - Tolslax 0341/ 260.582

Annone Brianza, 20/05/97

Spetiabile  0.S.C. SNC DI SCARCIA
VIA DEGLI ARTIGIANI 15

CASATENOVO

CERTIFICATO DI CONFORMITA N® 116
VS ORDINE DI ACQUISTO NF 07/04,97

RIFERIMENTO NOSTRA BOLLA N A663 DI 2!!!)-’!,-")7

SLCERTTIICA CHE L SEGUEN L MATERIALL INOX TONDO TRAFILATO 35
LEGA INOX 303

E' STATO SOTTOPOSTO A REGOLALRE COLLAUDNO E RISULTA CONFORME ALLE
PRESCRIZIONT DELLA LEGA AIST303

NORMA UN[ X {0 €1 NS €09

NELLO STATO DI FORNITURA TRAFILATO

Dis. ADS  LOSEAD n
ADS LOOGRS

Ty 4
MEDIA LARIO
E‘ ATROLDI METALLIS.R.L.

C. Q. ACCETTAZIONE

FIRMA
DATA

H'LOTTDM._!_ZQ‘._Sﬁ.
MATERALE
ACCETTATO ¥ NO

UFFICIO fECNICO
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~AIROLDI METALLI S.R.L.

Alluminio - Rame - Ottone - Bronzo - Inox

ANMONE BRIANZA (LC) Via Provinciale, 34
Tel. 0341 /260916 r. a. - TYolslax 0341 /260.582

Annone rianza, 20/05/97

Spetiabile  0.S.C. SNC D1 SCARCIA

VIA DEGLI ARTIGIANI 15
CASATENOVO

CERTIFICATO DI CONFORMITA N° 116
VS QRDINE DI ACQUISTO N° 07/04:97

RIFERIMENTO NOSTRA BOLLA N 3663 DL .'!l!ﬂ-!;"ﬁ

SLCERTHCA CHE IL SEGUEN T MATERIALL INOX TONDO TRAFILATO 35
LEGA INOX 303

¥ STATO SOTTOrOSTO A REGOLARE COLLAUDO E RISULTA CONFORME ALLE
PRESURIZIONT DELLA LEGA  AINT 303

NORMA UNI X 40 ¢+ M5 {809

NELLO STATO D1 FORNITURA TRAFHNATO

DS, ADS  LoCEAD|n
ADS L0035

B i
AIROLDI METALLIS.R.L.

C. Q. ACCETTAZIONE

UFFICIO fECNICO

FIRMA

DATA =)
NLoTrom _18%/c8- 09,
MATERALE

mcsmm e

T

mrod. B0
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~ AIROLDI METALLI S.R.L.

Alluminio - Rame - Ottone - Bronzo - Inox

ANNONE BRIANZA {LC) Via Provinclale, 34
Tol, 0341/ 260.816 r. o - Telefax 0341 /260.662

Annone Briunza, 20/05/97

CERTIFICATO DI CONFORMITA N® 430

VS ORDINE DI ACQUISTO N° 07/04/97

RIFERIMENTO NOSTRA BOLLAN®

S1 CERTIFICA CHE 1L SEGUENTE MATERIALE

' *+
Spettabile

0.S.C. SNCDISCARCIA

VIA DEGLI ARTIGIANI 15

CASATENOVO

3663 DEL 21/04/97

ANTICORODAL TONDO 100
LEGA 6082 T 6 LOTTO 489

E' STATO SOTYOPOSTO A REGOLARE COLLAUDO E RISULTA CONFORME ALLE
PRESCRIZIONIDELLA LEGA 6082 T6 '

NORMA UNI

9006/4

NELLO STATO DI FORNITURA T6

[

EDIA LARIO
C. Q. ACCETTAZIONE

N'LOTTO M m

MATERIALE
ACCETTATO >

NOTE: #pc ye
A [

ﬂlﬂh‘.ﬂu!“

bic . Aps LOoEYA
fAips 100 633 /4
ADS 30_0,‘135

*

I

AIROLDI METALLI S.R.L.
UFFIGI0 TECNICO
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'AIROLDI METALLI S.R.L.

Alluminio - Rame - Ottone - Bronzo - inox

ANNONE BRIAN7A (L C) Vie Provinciale, 34
Tol. 0341 / 260.918 r.a. - Teletax 0341 1 260.562

Annone Brianza, 20/05/97

Spel[ablle 0.S.C. SNC DI SCARCIA
VIA DEGLI ARTIGIANI 15
CASATENOVO
CERTIFICATO D! CONFORMITAN® 451

VS ORDINE DI ACQUISTO N° 07/04/97

RH"ERIMENTO NOSTRA B()IJ A N" sh(ﬂ Dl'l ’1104/‘)7

SI CERTIFICA CHE IL SEGUENTE MATERIALE ANTICORODAL TONDO 60
LEGA 6082 T 6 LOTTO 487

E’ STATO SOTfOPOSTO A REGOLARE COLLAUDO E RISULTA CONFORME ALLE
PRESCRIZIONI DELLA LEGA 6082 T6

NORMA UNI  9006/4

NELLO STATO DI FORNITURA T6

P bis. ADS 300933
TR | /A |
RN it EDIA LARIO . . b

"C. Q. ACCETTAZIONE

u FAA ]
" _AE

aTA

o7 LOTTOML _QRE,LALL_
MATERIALE 8L
ACCETTATO NO

NOTE: 1

QINC n® /L,'U ’qu-_
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- AIROLDI METALLI S. R.L.

Alluminio - Rame - Ottone - Bronzo - Inox

ANNONE BRIANZA (1 C) Via Provinciale, 34
Tel. 0341 /260.916 r. a. - Telofax 0341/ 260.562

Annone Brianza, 20/05/97

Spittabile  0.5.C. SNC DI SCARCIA
VIA DEGLI ARTIGIANI 15

CASATENOVO

CERTIFICATO DI CONFORMITA N* 445
VS ORDINE DI ACQUISTO N° 07/04/9/

RII ERIMENTO NOSTRA BOLLA N ,\(i(-_.l DEL.21/04/97

SECERTIFICA CHE TR SEGUERTTE MATERIALTL INOX TONDO TRAFILATO 30
LEGA INOX 303

E' STATO SOTTOPOSTO A REGOLARE COLLAUDO E RISULTA CONFORME ALLE
CPRESCRIZIONI DELLA LEGA  AIS[303
NORMAUNI X 40 &u NS 1809

NELLO STATO DIFORNITURA  TRAFILATO

ADS
DIs. Loo¥ «© n

woblu/n -
Smﬁl /

DIMETALLI S.R.L.
P ICIQ TECNICO
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0]

AIROLDI METALLI S.R.L.

Alluminio - Ramea - Ottone - Bronzo - Inox

AMNONL BIMANSA (L.C) Via Provinnialo, 34
Tel. 0341 / 260018 1. a. - Telelax 0341 /260.562

Annone Brianza, 20/05/97

. Spettabile  O.S.C. SNC DI SCARCIA
VIA DEGLI ARTIGIANI 15

CASATENOVO

CERTIFICATD DI CONFORMITA N° 447
VS ORDINE DI ACQUISTO N* 07/04/97

RIFERIMENTO NOSTRA BOLLAN® 3663 DEL 21/04/97

S1 CHRTIFICA CHE IL SEOUBNTE MATPRIALE IROX TOWNDO LAMINATO 60
LEGA INOX 303

' STATO SOTTOPOSTO A REGOLARF COT LAUDO I RISULTA COMFORME ALLE
PRESCRIZIONI DELI.A LEGA AIS] 303

NORMAUNI X {0 N1 S 1809

NELLO STATO DI FORNITURA LAMINATO

DS. ADE 200933/A
ADS ysor0i/A

LMW 0| ATROLDIMETALLISRL.

i e b N .
UPRICIO JECNICO
L

} C. Q. ACCETTAZIONE

| FRMA ®
| DATA .

o By~ oy
{ MATERALE B
ACCETTATO . . NO
RN
mod BOM0d d
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AIROLDI METALLI S.R.L.

Alluminio - Ramo - Ottone - Bronzo - Inox

ANNONE BRIANZA (1.C) Via Provirclale, 34
Tel. 0331/ 260.916 r. a. - Tolefax 0341  260.562

Annone Briwnza, 20/05/97

Speltabite  0.8.C. SNC D1 SCARCIA

VIA DEGLI ARTIGIANI 15
CASATENOVO

CERTIFICATO DI CONFORMITAN® 443
VS ORDINE DI ACQUISTO'N® 07/01:497

RIFERIMENTO NOSTRA BOLLA N° 3663 DEL 21,04M7

SLCURTIFICA CHE IL SEGUENTE MATERIALE BRONZO TONDO 15
LEGA 85.55.5

E* STATO SOTTOPOSTO A REGOULARE COLLAUDO E RISULTA CONFORME ALLE
LPRESCRIZIONTI DELLA LEGA B5.5.5.5

NORMA UNI

NLELLO SYATO DI FORNITURA  GREZZO DEFUSIONE

ADS
BIS . OOTOY
{S" g ’”.
FF ™ g MEDIALARO
C. Q. ACCETTAZIONE AIROLDI MEJALLIS.R L.
FIFMA jmy _ UFFICI (&0)
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AIROLDI METALLI S.R.L.

Alluminio - Rame - Otlone - Bronzo - Inox

ANNOME BRIANZA (LC) Via Provincials, 34
Tol. 0341 /260.916 r. a. - Telefax 0341/ 260.562

Amnnonc Brianza, 20/05/07

Speutabile  0.5.C. SNC DI SCARCIA
VIA DEGLI ARTIGIAN] 15
CASATENOVO
CERTIFICATO DI CONFORMITA N®> 444
VS ORDINE DI ACQUISTO N* 070497

RIFERIMENTO NOSTRA ROLLAN® 3663 DEL 21/04/97

SECERTINICA CHLE IL SEGUENTE MATERIALE INOX TONDO TRAFILATO 25
LEGA INOX 303

' STATO SOTTOPOSTO r.\ REGOLARE COLLAUDO E RISULTA CONFORME ALLE
CPRESCRIZIONI DELLA LEGA AIST 303 b

NORMAUNI X {0 &y 5 4809

NELLO STATO DI FORNITURA  TRAFILATO

B o n

C. Q. ACCETTAZIONE

FIRMA —uk
DATA ARy
NLoTTOM. _2RE/ AT
VIATERIALE »
ACCETTATO NO
NOTE:

mod. 8010d 4
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AIROLDI METALLI S.R.L.

Alluminio - Rame - Ottone - Bronzo - Inox

ANNONE BRIANZA (LC) Via Provinciale, 34
Tel. 0341/260.918 r.a - Telefax 0341 / 260. 562

Annone Brianza, 20/05/97
'

Spettabile  O.8.C. SNC DI SCARCIA

VIA DEGLI ARTIGIANI 15
CASATENOVO

CERTIFICATO DI CONFORMITA N° 442
VS ORDINE DI ACQUISTO N* 07/04/97

RIFERIMENTO NOSTRA BOLLA N® 3663 DRL 210497

STULRHIFICA CHE 1L SEGUENTLE MATERIALE INOX PIATTO 25X5
DA NASTRO 1.EGA 304

E' STYATO SOITOroSy0 A REGOLARE COLLAUDO E RISULTA CONFORME ALLE
PRUSCRIZIONI DELLA LEGA  INOX AlSI 304

NORMA UNI X 5CrNi1810

NELLO STATO DIFORNITURA  CESOIATO DA NASTRO

bis. ADS 4oOT R’

G veomumo] oo7ca

C. Q. ACCETTAZIONE

FIRMA 10—

NLOTTOML _. 289/ 8.2

FMATERIALE "

ACCETTATO NO '
NOTE: o - "

mod, B010d A
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~ AIROLDI METALLI S.R. L.

Alluminio - Rameo - Ottone - - Bronzo - Inox

ANNONE BRIANZA (LC) Via Provinciale, 34 ; WAL _
Tel. 0341/ 260.916 1. a. - Teletax 0341 /260.562 : _ o

Amnone Drianza, 20/05/97

4 .
Spettabile  0.5.C. SNC DI SCARCIA
VIA DEGLI ARTIGIANT 15
CASATENOVO

CERTIFICATO D} CONFORMITAN® 452
VS ORDINE DI ACQUISTO N° 07/04/97

RIFFRIMENTO NOSTRA BOLLAN® 3663 DEL 21/64/07

SI CERTIFICA CHE IL SEGUENTE MATERIALE ANTICORODAL TAGLIATO SP 20
‘ LEGA 6082 T 651 LOTTO 02/97

[’ STATO SOTTOPOSTO A REGOLARE COLLAUDO E RISULTA CONFORME ALLE

.PRESCRIZIONI DELLA LEGA 6082 T 651 ;
G

NORMA UNI 9006/4 C. Q. ACCETTAZIONE

NELLO STATO DI FORNITURA T 651 "““A —J-&?_

N'Lonou_ai_./_&&
MATERALE
ACCETTATO

NOTE:

& 32

} i mod. B0

AIROLDI METALLIS.R.L.
UFFICI9/{ECNICO

bi&%vu' : T - HEXAPOD
ASS 20508 |B
ADS 2o 549,
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DATA - __900591
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7. ACTUATOR COMPONENTS TESTING AT MANUFACTURERS PREMISES

7.1. Roller Screw

All the seven (7) roller screws were tested at the manufacturer premises (Rollvis,
Geneve) to verify the static lead accuracy and the friction torque due to the applied
preload (torque without load).
The following table reports the roller screws serial number and the corresponding tests
executed for acceptance of components (roller screws test matrix):

Roller Screw Static Torque
S/N Lead without
(spindle-nut) Accuracy Load
8868-971508 v
8863-971509 v v
8867-971510 v v
8862-971511 v v
8861-971513 v v
8865-971514 v v
8866-971507 v v

The following pages report :

Test procedures for :

e measurement of the static lead accuracy,

* measurement of the preload torque,

Test results for :

o roller screws (7 items) tested for static lead accuracy and preload torque,

ADS Srl - Corso Promessi Sposi, 23/d - 23900 Lecco - ITALY
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ROLLER SCREWS PERFORMANCE TESTING
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ROLLYIS S.A. GENEVE

MESURE ET ANALYSE SUR CENTRE DE MESURE S.I.P.-422-M
TYPE DE VIS: RVR 268-/20.1.R1.5%7089/1

MESURE DU PAS AYEC~/SANS ECROU

DIST. ENTRE 2 PTS. DE MES.: 6 MM LG. TOT. MESUREE: 43 MM

CALAGE DE LA MES,: 3 MM
CLIENT: 1655

DATE: 26 7 05 ~ 1997
OPERATEUR: V4 L5,

MES.HO3. ERREUR PASC(MM) GRHPHIGUE DU PRS
® & & @ » & " P O P O TS SE ! ..... . - l. llllllll ! lllll * a0 * . .
5] P.000 * :
1 8.0006 * .
2 -0.800 * :
3 -9.0009 *
4 -0.801 * H
S -0.800 * :
& -0.998 *
7 0.000 *
S -0.9006 ¥
Ill"ll..ll.'l'!l.lll.-ll!lll'l'll.!l"ll.l.ll.ll.
-10 _ +10
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ROLLVIS SA

Lunghezza totale’

PROTOCOLO DI MISURA DI UMA VITA
Tipo: RUR2668.20.1.R1 |
Drdinazione Mo:@: 970186

Diametro
Passo

Lunghezza filetto

Pracarica [daN]:

.Mo:
[am]:
[nm]: 1
[mnl:
(em]:

Coppia INcml: 6

Velocita [1/minl: 150 ’
Lubrificazione: Topas |
Coppia media |Coppia max Pozizion.| Coppia lini Pozizion, | Variazione
[Ncml [Ncaul [mml [Ncal | (mm] [x]
—-> 6.2 7.9 11.3 | 14.4 | += 11.6
(— 7.3 -8.9 9.2 | 156 | + 9.6
FIRNA: DB f Data: 86-83-1997
1
DIAGRANNA DI COPPIA No: 971513

Data: 66-83-1997

ROLLVIS SA

Coppia [Ncml FIRNA: DB

16

ome e S o .

R AR R AN TR TR 12 14 16 .18 20 pos. [mm]

R W --------------------------
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ROLLVIS S.A. GENEVE

MESURE ET ANALYSE SUR CENTRE DE MESURE S.I.P.-422-M
TYPE DE YIS: RVR 260.20.1.R1.597089/1

NO. PIECE:..O0962 - 374514

MESURE DU PRS AVEC~/SANS ECROU

DIST. ENTRE 2 PTS. DE ME3.: 6 MM  LG. TOT. MESUREE: 48 MM
CALAGE DE LA MES.: 3 MM

CLIENT: 1655

DATE: 26 ~ 05 + 1997

ME5.HO. ERREUR PARS(MM) _ GRAPHIQUE DU -PAS

-t —— " d— e o > g

AN LW+
|
&
<
Lo
[

f ..=0.801 MM.
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ROLLVIS S4
PROTOCOLO DI MISURA DI UNA VITA
Tipo: RURZ60.20.1.R1
Ordinazions Na: 970186
No: 971511
Diametro [mml: 20
Passo [=m]: 1
Lunghezza totale [mm1: 250
Lunghezza filetto [uml: 22
Precarica [daM]: 45
Coppia INeml: 6
Velocita [1/minl: 150
Lubrificazione: Topas
Coppia media | Coppia max | Pogizion.| Coppia min Posizion. | Variazione
[Ncw) [Ncul {nnl [Ncel [nml %1
—_—) 71 9.5 4.8 gl 16.2 + 12.3
(— -6.0 -7.4 16.5 -4.9 16.6 + 9.2
FIRNA: DB Data: 06-03-1997
DIAGRANMA DI COPPIA Mo: 971511
ROLLVIS SA Data: 66-83-1997

Coppia [Ncml

FIRMA: DB

16

+ ——t
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|
MESURE ET ANALYSE SUR CENTRE DE MESURE S.I.P.-4é2-ﬂ
TYPE DE VIS: RYR 2606-20.1.R1,597838%9/1 ;

No. PIECE:.. 83863, - 371509 l

MESURE DU PAS AVEC/SANS ECROU i
DISYT. ENTRE 2 PTS. DE MES.: & MM LG. TOT. MéSUREE: 48 MM
CALAGE DE LA MES.: 3 MH ?

CLIENT: 1655

IATE: 26 ~ 85 / 1997
OPERATEUR: . ./ /71522

MES.H@. ERREUR PRS(MM’ GRAPHIQUE DU’ PAS

-IIUIIIIIII!ll"lli-l!!lllll'll!.l...ll.'.-lli
0 3.000 ¥
1 0.001 *
2 8.001 *
3 8.0801 *
4 8. 000 *
S v.601 *
5 -8, 080 *
7 8.000 *
3 ~8.6061 %
1 --------------- !Il.ll.lll!l.. IIII'!III .......... L ]
~-10 +18

..=0.0881 MM.
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Ordinazione No: 970186

Diamstro
Passo

Lunghezza totale
Lunghezza filetto

Pracarica [daM]1:

Bo: 971509
[(um]: 20
[mm]: 1
[mm]: 250
(mml: 22
45

PROTOCOLO DI MISURA DI NA VITA
" Tipo: RUR266.20.1.R1

Coppia INcwl: 6

UVelocitd [1/min): 150
Lubrificazions: Topas
Coppia media |Coppia max | Posixzion. Coppia -in.' Pozizion. | Variazione
[(Ncu] [Nca] [mal [Ncul | (un) (%1
—y 6:2 7.5 10.8 4.7 | 9.3 | + 11.1
s .3 -8.0 7.3 5.8 12.8 | * 10.6
FIRNA: DB : Data: 66-93-1997
DIAGRANNA DI COPPIA iNo: 971509
ROLLVIS SA Data: 06-63-1997
Coppia [Ncml FIRNA: DB
i .
16
T T e T e e iz 14 16 18 20 pos. [mm
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MESURE ET ANALYSE SUR CENTRE DE MESURE S.I.P.-422-M

TYPE DE VIS

DIST. ENTRE

:  RVR 260-20.1.R1.597089/1
No. PIECE:..8885,7. 771514
MESURE DU PAS AVEC/SANS ECROU

z PT

S. DE MES.: 6 MM

CALAGE DE LA MES.: 3 MM

CLIENT: 1

655

DATE: 26 7 85 - 199?

MES.NO8. ERREUR PRS(MM)>

=SSs=mm=== ESEEnuNES=zsss=s

ONTNLWN—-O

9.000
B.001
B.001
6.001
g.600
6.001
0.0800
0.0061
0.909

LG. TOT. MESUREE: 48 MM

GRAPHI QUE Dui PAS

..=8,001 MM,
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ROLLVIS SA

PROTOCOLO DI MISURA DI UNA VITA
Tipo: RUR266.206.1.R1

Ordinazions Mo:

Diametro
Passo

Lunghezza totale
Lunghezza filetto

Precarica [daNM]:
Coppia [Ncml:
Uelocita [1/min]:

No:
[aml:
[mm]:
[nm]:
{un]):

ETANRE™S

976186
971514

Lubrificazione: Topas

Coppla wedia |Coppia max | Posizion. Coppia min | Posixion. Variaziona
[Ncm] [Hcm] [um] [Ncal (==l [x]
-—D 7.0 9.5 1.9 5.8 12.6 + 12.6
(— 6.4 -7.7 16.0 5.1 12.7 + 10.0
FIRnA: DB Data: 06-02-1997
DIAGRAMNA DI COPPIA !:Ho: 971514

ROLLVIS SA Data: 66-62-1997
Coppla [Mcml] FINNMA: DB

16
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MESURE ET ANALYSE SUR CENTRE DE MESURE S.I.P.-422-M

TYPE DE YIS: RYR 266-/28.1.R1.597989/1 ‘

no. PIece:..§866.7.371507

MESURE DU PAS AYEC-/SANS ECROU

DIST. ENTRE 2 PTS. DE MES.: 6 MM LG. TOT. MESUREE: 48 MM
CALAGE DE LA MES.: 2 MM '

CLIENT: 1655

DATE: 26 ~ 95 ~ 1997
OPERATEUR: . . /0. (e

MES.HB. ERREUR PRAS(MM) GRAPHIQUE DU PAS

o —— o e -t o - v S g St 2ap e ot e s
=SRs==s 2 2 3ttt ¢ 13 1t 1423

NN WN— D
[
)
©
®
-
*

----- no--u-n-.-!-l-nllul-!--nun---n.--nnnllnilllol

-18 +108
..=0.681 MM.
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ROLLVIS SA

Lunghezza totale (mal:

Tipo:
Ordinazions No:

PROTOCOLO DI MISURA DI UNA VITA
RUR260.20.1.R1

976186

Ma: 971507
Diametro [mml: 20
Passo [am]: 1

Lunghezza filetto [mm]: 22
Precarica [daNl: 45

Coppia [Ncwl: 6 —

Velocita [1/minl: 150
Lubrificazione: Topas
Coppia media |Coppia max Pogizion.| Coppia min | Pozizion. Variaziona
[Mcml [Hcml (=] [Ncal [mm] [%1
—_—> - 6.6 9.2 4.9 L | 19.5 + 12.5
L 6.3 =TT 11.5 -5.2 T.1 + 9.2
FIRMA: DB Data: 66-03-1937
DIAGRANNA DI COPPIA No: 971507
ROLLVIS SA Data: 66-63-1997
Coppia [Ncml FIRNA: DB
1_6
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MESURE ET ANALYSE SUR CENTRE DE MESURE S.I1.P.-422-M
TYPE DE VIS: RVR 266/28.1,R1.597089/1

No. PIECE:..0868 - 971508

MESURE DU PAS AVEC/SANS ECROU
DIST. ENTRE 2 PTS. DE MES.: 6 MM  LG. TOT. MESUREE: 48 Mp
CALAGE DE LA MES.: 3 MM

CLIENT: 1655

DATE: 26 + 85 ~ 1997

OPERATEUR: . . /o Trarns.

MES.NB8. ERREUR PASC(MM) GRAPHIQUE DU PAS

e p— O e T I T e e A o D e e e s > o o o o e e
==ssss= B Attt 515 F =333 5 5 3353

v. 000 *

ONANUAEWN -~ O
(]
.
[
@
[

©
L]
)
[»y]
[y
— ¢ ok ok Kk sk

-19 | +10 |
: ..=0.001 I
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PROTOCOLO DI MISURA DI UMA VITA
Tipo: RUR266.26.1.R1
Ordinazione No: 970186
No: 971568
Diametro [(mml: 20
Passo [(mm]: 1
Lunghezza totale [mml: 256
Lunghexza filetto (mml: 22
Precarica [daNl: 45
Coppia [Nul: 6
Uelocita [1/minl: 150
Lubrificazione: Igpas
Coppia media |Coppia max | Poxizion. Coppia min | Pasizion. | Variazi
[Ncel (Neal [mm] (Ncal [anl %1
—_ 5.7 7.3 .5 4.1 17.0 2 12.
(— -6.3 -7.8 i8.1 -4.9 14.4 + 9!
FIRMA: DB Data: 066-03-19'
DIAGRAMHA DI COPPIA Ro: 971568
ROLLVIS SA Data: 66-63-1997
Coppia [Mcm] FIRNA: DB
16
|
________________ A Al
|
1
A R R A T TR R VIR TR 70 pos. [mal
AT Nf""“l;‘l\—.r—\-b"hﬁ?‘f“{"j"_"{ -----------------
|
l
%
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CECEEREuNERREEREEESS

MESURE ET ANALYSE SUR CENTRE DE MESURE S.I.P.-422-M

TYPE DE VIS: RYR 260,28.1.R1.597089/1

NO. PIECE:. .849.67. 5 - .3.7'!5 10

MESURE DU PAS RYEC/SANS ECROU :

DIST. ENTRE 2 PTS. DE MES.: 6 MM  LG. TOT. M?SUREE: 48 MM
CALAGE DE LA MES.: 3 MM ;

CLIENT: 1655 ' |

DATE: 26 7 B85 7 1997
OPERATEUR: .. 70, [Thaen

"
]
!
e s e s e s s v v ’
i

MES.HN@. ERREUR PAS(MMD . GRAPHIQUE DU; PRS

.......... S DY DAL AP DU
0 0.008 ¥
1 v.001 *
2 0.0600 *
3 8,808 *
4 -g.0800 *
5 8.909 *
£ 8.000 *
7 g.8690 *
b=} -0.089 *
...... R I R P LR TR R
-10 +10

..=0,001 MM,
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Lunghezza totale
Lunghezza filetto
Pracarica [daN]:

PROTOCOLO DI MISURA DI UMA UITA |
Tipo: RURZ68.20.1.R1
Ordinazione Mo:

Diametro
Paszo

(unl:
[mnl: 1
(um]:
(um]l:

ROLLVIS S&

970186
971510
20

No:

250
22
15

Coppia [Nml: 6

|
|
i
i
|
|
|

Velocita [1/minl: 150
Lubrificazione: Topas
Coppia media | Coppia wax | Posizion.| Coppia lill% Fozizion. | Variazione
{fcal [Hcmi immi ifical | [nm] (31
——) 7.6 9.5 11.5 9.3 7.0 + 12.3
— -7.3 -8.9 5.8 -.2 B.0 + 11.8
FIRMA: DB | Data: 86-8Z-1997
DIAGRAMHA DI COPPIA Ho: 971510
ROLLVIS SA Data: 06-82-1997
Coppia [MNc=] Framat Dy
E
i;:’:
Aouiuiniedeidetedt Trk-i\--f:_-ix;zr’: -----------------------------
L e N
FI | IS 1 I T A T I A LI I [ ] III!:X!!IKIDll(l!l{:llll:::l
;] 4 4 h - 1 12 1 16 .18 20 pnx. (mm
--------------- m_--____-___-_-.__---_-—-———--—
| g *
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Measurement of Roller Screw Static Accuracy at Rollvis premises:
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8. ACTUATORS ACCEPTANCE TESTING IN AMBIENT CONDITION

The linear actuators were subjected to a performance test program in ambient
conditions at ADS premises.

The following paragraphs describe these subjects:
(8.1) test equipment;

(8.2) test procedures;

(8.3) tests results;

(8.4) results analysis.

8.1. Test Equipment

The test equipment used for performance testing in ambient conditions is composed of:

1 mechanical test bench able to support the linear actuator and the measurmg system

2 VME computer with acquisition and command units

3 electronics box (signal conditioners, motor driver etc.)

4 PC integrating optical measuring system controller, AD converter, serial connection
(RS-232) to control the remote VME computer.

1. The mechanical test bench is composed by the following elements (see figures in the
next page):

e An aluminum frame to support the test bench;

o A stainless steel frame supporting the linear actuator and with the corresponding load
application system. The fixed part of the actuator is connected to an end column of
the support structure through bolts while the movable part of the actuator is
connected through bolts to a flange mounted to a preloaded sliding carrier running on
a high precision linear guide.

¢ A high precision measuring system to be used as reference for the actuator position
measurements, consisting on a Heidenhain optical linear incremental scale type
MT101K (100 mm stroke, 0.1um resolution) and the Heidenhain interpolation &
digitizing electronics PC plug-in board).

The test bench is designed to conduct the following tests on the actuators:

a) LVDT noise test

b) Positioning accuracy
c) Brake's effects

d) Axial stiffness,

The tests can be performed using different load conditions (tension or compression, and
load level from 20N to 300N)
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Mechanical Test Bench for Linear Actuator Testing in

Ambient Condition:
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Mechanical Test Bench for Linear Actuator Testing in
Ambient Condition:
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2. The VME computer, based on a Motorola processor, is provided by the University Of
Arizona and it contains all the electronics needed to acquire analog and digital signals
sent by the actuator and send back the desired position commands.

It also contains the control program that closes a position and velocity loop on the
actuator. The computer works as a remote unit interfaced via RS-232 to the PC.

3. The electronics box, also provided by the University Of Arizona, works as an interface
between the VME computer and the actuator. 4
It contains several devices:

the motor driver

the LVDT signal conditioner

the brake driver (designed by University Of Arizona)

the encoder signal conditioner (designed by University Of Arizona)

The motor driver is a 211A model made by Copley Control Corp.

The LVDT signal conditioner is a DCM-1000 direct current operated signal conditioner
made by Macro Sensor, a division of Howard A. Schaevitz Technologies, Inc.

4. The PC used is an Intel Pentium based computer, with two ISA additional cards:

o optic linear transducer controller, Heidenhain EXE 922
* 12 bit, variable gain ADC, made by Intelligent Instrumentation (PCI 20248 W1)

The PC is used as an advanced terminal, capable of self-driving (via RS-232 port) all
the necessary tests. The main program permits to send a pre-selected list of sequential
VME command (i.e. "moverel", "showstat" etc...) and read the VME echo; besides, it
permits to access the data read by the internal boards.

Through the information carried by the echo strings and through the readings made by
the internal boards and their relative transducers, it's possible to collect all the
informations about the actuator status: absolute actuator position (by optical linear
reference), LVDT position, (by VME "showp" echo), embedded rotating encoder position
(by VME "showstat" echo), LVDT analog out [DC Volts] (by PC AD Converter) and all
the system informations provided by the VME commands called "showstat", "showp",
"showc"....
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8.2.

Test procedure

8.2.1. Definitions

It's useful to report some definitions applicable to the actuator performances tests and
measurements in order to have a common understanding to interpret and evaluate the

test results.

a) LVDT typical noise

It's defined as the standard deviation of the LVDT DC analog out.

b) Positioning closed-loop accuracy of the actuator:

When a displacement is commanded to the actuator, the positioning accuracy of the
actuator is defined as the difference between the actual position reached by the
actuator (and measured by the optical linear scale of the test bench, considered as
absolute reference for the measurement) and the position measured by the LVDT

sensor.

The positioning closed-loop accuracy of the actuator depends on:

the control law chosen, the sensors accuracy;

the screw lead error distribution along the stroke;

the roller screw behavior considered as a whole driving unit;
motor and encoder angular resolution;

hysteresis due to the inversion of motion;

stick-slip phenomena;

thermo-elastic deformation due to temperature gradients;

changes in axial stiffness (therefore in elongation at constant
applied load) depending on the actuator stroke;
command discretization and controller error;

¢ other mechanical errors (misalignments, etc).

c) Brake induced error

It is defined as the actuator displacement, read by the optical linear external reference,
due to the brake status commutation (On/Off).

d) Axial stiffness

It is the actuator axial stifiness, the ratio between the axial load and the displacement
measured by the optical linear scale of the test bench.
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8.2.2. Procedures

The tests were performed on each one of the seven (6+1) linear actuators.

a) LVDT noise test
This test was performed to characterize the noise level of the LVDT sensor. The test

consists in acquiring the LVDT analog out by the previously described acqu:smon card
(PC1 20248 W1).

The test is arranged in two different configuration. In the first case only the LVDT sensor
and its conditioning electronic are supplled and the ADC reads a signal relative to a
fixed position of the actuator.

In the second case the same kind of measurement is performed after having:

1) powered the complete system
2) initialized the closed loop controller
3) killed the closed loop controller (open loop conditions)

Obviously, the actuator is perfectly still in both the cases but in the second one the
noise level can be affected by electric crosstalk between the LVDT and the motor.

b) Position accuracy test

This kind of test permits to obtain the position accuracy through twelve series of
measures that cover all the screw length.

Each one of this series is composed by twenty independent absolute positioning
commands between two fixed stations.

The first fixed position is always the same (A) for all tests, near the maximum actuator
elongation, while the second one (B) moves from the maximum elongation point to the
minimum one as the series number increases (see figure below).

Set 1 14000 to (14000+3000) LVDT counts A =B

Set 2 14000 to (14000+6000) LVDT counts A - B

Set 12 14000 to (14000+36000) LVDT counts A < »B

Because of the absence of an absolute positioning VME command, we used the
"moverel" keyword in such a way that permits to arrange an absolute positioning.

This is possible because of another VME keyword: "showp".

In fact, as the Test Manager Program reads the new absolute commanded position
(point A or B), it checks the current position (“showp") and calculates the distance
between this position and the desired one.

After having sent a new command, the Test Manager waits for the complete positioning
of the actuator and then reads the reached position through the optical linear reference.

Pag.108

ADS Srl - Corso Promessi Sposi, 23/d - 23900 Lecco - ITALY
Steward Observatory - University of Arizona - 933 N.Cherry Ave., Tucson Arizona 85721 - USA




Doc.No : H9-DP-AD-001
Lfgsj] MMT CONVERSION lssue 1
57, Date  :Oct.1998

[ag—-

For each set, the worst accuracy positioning achieved and the accuracy positioning
standard deviation are evaluated.

Here is presented the test sequence performed by the Test Manager:

read the desired absolute command from ASCII file (X1)

SHOWP

read VME echo: Chan 0: curp: CURPOS

store CURPOS (LVDT reading) that is the current absolute position"
calculate X2 to get (by MOVEREL X2) the desired absolute position (X1) moving
from CURPOS

MOVEREL X2

read VME echo: value = X3

store X3 that represents the really commanded final position

...... wait for the actuator positioning .....

read Heidenhain linear reference (before) = h1

SHOWP

read VME echo: Chan 0: curp: X4

store X4 (LVDT reading) that is the actual position

read Heidenhain linear reference (after) = h2

calculate the average linear reference position h =(after+before) = (h2+h1)/2
store the generic step data: X1; X4; h; X3

The positioning error is defined as follows:
Error := X3 /sens -~ h * 1000
where:

[X3] = counts
[sens] = counts/micron
[h] = mm

c) Brake's effects test

The test is performed to evaluate the typical brake induced error.
In fact the brake's action determines a perturbation of the current actuator position and
the magnitude of this phenomena depends on the control system reactivity.

The measure we arranged is characterized by thirty status changes ("brake 0"/"brake
1"); after having initialized the closed loop controller, the actuator position is read
before and after each status change (through the optical linear reference).

Once calculated the displacements caused by the brake's commutations (from 0 to 1),
the brake induced error standard deviation and the biggest brake induced error are
evaluated.

The test is performed in two different load conditions (traction load): 0 and 250 N.
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The same kind of test has been repeated in open loop conditions. The informations
provided by this kind of test are very useful because they are independent from the
control law reactivity and permit to separate the brake's effect from the control law
effects.

d) Axial stiffness

This test permits to obtain the actuator axial stiffness through the measurement of two
sets of displacements caused by a known set of axial load conditions. -

At first, the load set is applied to the actuator and a first set of displacement is
measured. Then the same kind of load set is applied to a stainless steel beam of known
stiffness, replacing the actual actuator. In this way it is possible to calculate the test
bench stiffness and then the real actuator stiffness.

The displacements have been measured by the optical linear reference with a resolution
of 0.1 micron while the loading masses have been evaluated with an accuracy of 0.01
kg.

The stiffness is calculated in two different system configuration:

a) Switched off system, brake close
b) Switched on system, brake close

The loading procedure, repeated three times for each of the two configurations, consists
in a load increase course and a decreasing one.

The sequence of applied masses is the following:
0-2-4-6-8-9-11-13-14-16-18-23-18-16-14-13-11-9-8-6-4-2-0 Kg

In this way it is possible to show the hysteresis of the axial load response.
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8.3. Testresults

This paragraph summarizes settings and test results for the seven (6+1) linear
actuators. One actuator caused a failure in the control electronics, possibly because a
damage occurred in its encoder board (TBC). It was left as spare and not further tests
were carried out.

8.3.1. Actuators setting

In the following table the most significant setting values (LVDT counts, LVDT analog
out, linear displacement) of each actuator, relative to the two limit switch positions, are
reported. The actual stroke set during the functional tests is about + 7.5 mm and the
LVTD calibration refers to this configuration. The limit switch contacts can be modified
to achieve larger strokes if needed.

Besides the LVDT sensitivity, in terms of counts/um and mV/um, is evaluated.

Before starting the initialization procedure, each actuator has been set to its nominal
length (0.330 m) and then the LVDT bar position has been regulated so that the sensor
DC out would be nearly O V.

Act. 1 SX |Act. 2 SX |Act. 3 SX |Act. 4 DX |Act. 5 DX |Act. 6 DX |Extra Act.
LVDT out |-5.09 -6.55 -6.33 -5.93 -5.62 -5.38 -
volts A
LVDT out |5.19 5.67 6.68 5.96 6.30 6.05 -
volts *
A LVDT|10.28 12,22 13.01 11.89 11.92 11.43 -
Vi
LVDT 16097 11335 12041 13338 14361 15129 -
counts *
LVDT 49748 51309 54606 52270 53372 52576 -
counts *
A LVDT|33651 39974 42565 38932 39011 37447 -
counts
A X 12573.0 |15075.1 156904.9 [14800.4 |14743.0 |14019.5 -
axial displ.
pm
LVDT 2.67 2.65 2.67 2.63 2.64 2.67 -
sens:
count/um
LVDT 0.817 0.810 0.817 0.803 0.808 0.815 -
sens:
mV/um
(*) positive limit switch position; (*) negative limit switch position
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8.3.2. Results

Each test is discussed independently and then a final table is reported.

a) LVDT noise

o [mV]  |Act.1SX |Act. 28X |Act. 3 SX |Act. 4 DX [Act. 5 DX [Act. 6 DX |Extra Act. |

LVDT only | 1.29 1.23 1.21 1.33 1.44 1.04

Op. cond. [12.43 12.53 12.50 12.40 13.71 12.22

Though the actuator is perfectly still in both the cases (motor off and on), in the second
one the noise level is a order of magnitude bigger.

It's our opinion that this extra-noise depends on the grounding layout of the whole
system, but we can't find a better test configuration than the test one.

This factor strongly affects the overall system performances.

b) Closed loop accuracy

The position accuracy achieved for each actuator is plotted. The continuous line is the
positioning error standard deviation, computed over each set of movement that arrives
to the same position on the screw starting.

The error bar represent the delta between the smaller and the larger error around each
nominal position.

41
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iii)

Brake's effects

ACT6DX 250 N load

The positioning error is reported for each actuator both for the Closed Loop control and
the Open Loop one.

Closed loop results:

[em] Act. 1 SX |Act. 2 SX |Act. 3 SX |Act. 4 DX |Act. 5 DX |Act. 6 DX |Extra Act
c 0.22 0.54 0.10 0.4 0.57 0.29 -

c (+W) (*) [0.25 0.39 0.12 0.7 0.57 0.21 -
max 0.55 1.65 0.30 0.9 1.65 1.25 -
max (+ W) |0.75 1.15 0.35 1.7 1.60 0.75 -

(") The «+ W» tests are performed with an additional mass as traction load (25 Kg)

Open loop results:

[um] Act. 1 SX |Act. 2 SX |Act. 3 SX |[Act. 4 DX |Act. 5 DX |Act. 6 DX |Extra Act
c 0.027 0.045 0.041 0.041 0.048 0.041 -
max 0.50 0.25 0.25 0.25 0.20 0.25 -

The LVDT output corresponding to these measurements showed many times (for some
actuators) large variations that do not agree with the optical linear reference.

A cross check with the simultaneous measure of the actuator own encoder
demonstrated that LVDT measures were affected by electric disturbances.
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The following results have been reduced by accounting for the test bench own stiffness
of 17 N/um (TBC).

Act. 1 SX

Act. 2 SX

Act. 3 SX

Act. 4 DX

Act. 5 DX

Act. 6 DX

Extra Act.

[N/umj]

31.7

32.1

39.8

45.4

354

34.0
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8.4. Results analysis

The tests were affected by the lack of the capability to tune the control system.

This drawback heavily affected the quality of the positioning accuracy reached by all the
actuators, that resulted worse than the specified value.

The achieved pointing repeatability, that ultimately is given by the Closed Loop
accuracy standard deviation, is about 3 um, larger than the specified 1 pm.

Another factor that affected actuators accuracy is the noise level on the LVDT signal.
This can be partially due to poor electrical setup of the test bench. Nevertheless, the
results demonstrated that the noise intrinsic to this sensor clearly suggests not using it
as on line position feedback.

The encoder signal provides much clear signal with the appropriate resolution to
achieve the micron level accuracy.

The LVDT could likely be used as background absolute position monitor, for system
bootstrapping and to follow thermal deformations not measured by the encoder.

Finally, the results of the brake test shows that this device is not a significant source of
positioning error, being compliant with the final specified accuracy of 1 um.

Linear Actuator under testing
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9. DIMENSIONAL CONTROL OF HEXAPOD MECHANICAL ASSEMBLY AND
COMPONENTS .

9.1. Linear Actuators

The linear components were subjected to a dimensional control screening as part of the
acceptance procedure (incoming inspection at delivery from workshop). Critical
dimensions were checked using the 3D dimensional control machine.

After completion of the accuracy performances testing campaign the linear actuators
were positioned at nominal length (see Dwg. 200505) of (330+0.1) mm using the test
bench and control electronics for commanding the actuator and a calibre for the length
measurement (accuracy of +0.1mm). So, the linear actuator length for integration is
(330+£0.1)mm.

9.2. Platforms

The two subassemblies consisting of the I/F supports mounted on the platforms were
subjected to dimensional control to verify manufacturing and assembly dimensions and
to measure some important values needed for the kinematics simulation of Hexapod in
the “as built” configuration.

a) Subassembly consisting of all three upper I/F supports (Dwg. N°300943)
mounted on the upper platform (Dwg. N°200512):

The subassembly is placed on top of the UPMC marble table, and the subassembly is
placed with the face up.

The test equipment is a 3D Measuring Machine UPMC 1200 Carat manufactured by
Carl Zeiss (S/N 91442, calibration certificate C 871/95/HnB).

For location of measured dimensions with respect to the Upper Platform, please refer to
redlined drawing (enclosed at the end of this paragraph).
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Metrology results:

Upper I/F Supports (Dwg. N°300943). mounted on the Upper Platform (Dwg. N°200512)

Dimensional Check Upper Plate Support

ADS Srl - Corso Promessi Sposi, 23/d - 23900 Lecco - ITALY
Steward Observatory - University of Arizona - 933 N.Cherry Ave., Tucson Arizona 85721 - USA

2390.6568
8450
Coord | X Nominal | X Meagsured | Y Nominal | Y Measured| Z Nominal |Z Measured
A1 37.4573 37.8091 | -191.7032 | -191.6035 | 35.1168 34.9354
A2 -37.4573 | -37.7953 | -191.7032 | -191.6359 | 35.1168 34.8497
B1 147.2912 146.9745 128.2906 128.5262 35.1168 34.8881
B2 184.7485 | 184.7953 63.4127 63.0504 35.1168 34.8668
C1 -147.2912 | -147.0367 | 128.2906 | 128.5698 | 35.1168 34.8315
C2 -184.7485 | —184.8065 | 63.4127 63.0783 35.1168 34.9584
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b) Subassembly consisting of all three lower |/F supports (Dwg. N°300942)
mounted on the lower platform (Dwg. N°200508), based on the three basefoot:

The subassembly is placed on top of the UPMC marble table, and the subassembly is
placed with the face up.

The test equipment is a 3D Measuring Machine UPMC 1200 Carat manufactured by
Carl Zeiss (S/N 91442, calibration certificate C 871/95/HnB).

For location of measured dimensions with respect to the Upper Platform, please refer to
redlined drawing (enclosed at the end of this paragraph). :

Metrology results:
Lower I/F supports (Dwg. N°300942) mounted on the Lower Platform (Dwg. N°200508)
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Dimensional Check Lower Plate Support

$412.2244 Nominal — |

______ 411.98 Measured

8480
Coord | X Nominal |X Measured | Y Nominal | Y Measured| Z Nominal |Z Measured
Al 30.7493 31.1267 -203.8056 | —203.6592 | 40.5676 40.2867
A2 ~30.7493 ~31.0429 -203.8056 | ~-203.6909 | 40.5676 40.2365
B1 161.1262 160.7459 128.5324 128.6345 40.5676 40.4985
B2 191.8754 191.8959 75.2731 74.8297 40.5676 404119
C1 -161.1262 | ~160.8462 128.5324 128.7325 40.5676 40.3978
Cc2 -191.8754 | —191.9145 75.2731 74.8787 40.5676 40.4162
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3D Measuring Machine UPMC 1200 Carat (Carl Zeiss)
(at Media Lario premises):

Pag.127

ADS Sri - Corso Promessi Sposi, 23/d - 23900 Lecco - ITALY
Steward Observatory - University of Arizona - 933 N.Cherry Ave., Tucson Arizona 85721 - USA




Doc.No : H9-DP-AD-0G1

(hh MMT CONVERSION lssue 1 o] l
o Date  :Oct.1998

9.3. Mechanical Assembly

The complete mechanical assembly as been integrated with the actuators calibrated at

330+0.1mm length.
All the mechanical actuator as been integrated as dwg ADS 200513 and has been all

the interfaces with lower and upper platform. (see picture)

Mechanical Assembly
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10. WEIGHT OF HEXAPOD MECHANICAL ASSEMBLY AND COMPONENTS

The following table reports the measured weight of the Mechanical Assembly

components:

ADS Srl - Corso Promessi Sposi, 23/d - 23900 Lecco - ITALY
Steward Observatory - University of Arizona - 933 N.Cherry Ave., Tucson Arizona 85721 - USA

Item Description Drawing N° \E/ZEE?{?S] Vv;;:\ltliig]
Linear Actuator S/N 01 SX 200505 7.6 7.613
Linear Actuator S/N 02 SX 200505 7.6 7.594
Linear Actuator S/N 03 SX 200505 7.6 7.582
Linear Actuator S/N 04 DX 200505 7.6 7.585
Linear Actuator S/N 05 DX 200505 7.6 7.595
Linear Actuator S/N 06 DX 200505 7.6 7.582
Linear Actuator S/N 07 DX 200505 7.6 7.583
Upper Platform (with 3 support) N.A. 7.93 7.830
Lower Platform (with 3 support) N.A. 8.25 7.835
Eyebolt M24 N.A. 0.60 0.500
TOTAL : 69.98 69.299
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11. Assembling procedure of the single actuator

The assembling procedure of the single actuator for the “MMT Secondary Hexapod f/9"
is hereafter described.

11.1. References

e DWG ADS 200513 “General assembly”
e DWG ADS 200505 “Linear actuator”

11.2. Operative Procedures

For all the following activities, it is necessary to wear rubber gloves (surgery type).

1.0 - Subassembly stator

1.1 - Wear the antistatic bracelet for all the 1.X operations.

1.2 - Look for p/n and s/n of the motor and write them on the event sheet attached to
the work order.

1.3 - Insert four pulling M3 for 100mm as frameless motor guide (item 04).

1.4 - Heat the frameless motor support (item 04) at 50°C.

1.5 - Insert the stator into the frameless motor support (item 04), taking care of the
direction of the feeding cable of the brush holder ring and push the stator until the
end stop.

1.6 - Fix the frameless brushed stator (item 107) to the frameless motor support (item
04) with screws (item 121), and lock.

1.7 - Mount the brush holder ring to the stator (item 107) and lock the screws, check the
direction of the cables with respect to the vertical axis - 20°.

1.8 - Put a heatshrink sleeve on the feeding cables of the stator.

2.0 - Subassembly screw/scroll

1.0 - Look for p/n and s/n of the screw and write them on the event sheet attached to
the work order.

2.0 - Mount the couple BelleVille washers (item 113), on the screw, positioning them
among the ring (item 16) and lock with the self-locking ring nut (item 114). Use
socket spanner.
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3.0 - Subassembly central bearing
3.1 - Grease the axial radial bearings (item 112) with Kluber Isoflex NBU15, 0.7 cmc

each.

3.2 - Mount the two axial radial bearings (item 112) in the brake/bearings support (item
8) in configuration < > and close with a cover (item 10) using the screws (item
123).

3.3 - A bronze bushing (item 18) has to be inserted in the cover (item 10) in a forced
manner. :

4.0 - Subassembly flange terminal bearing

4.1 - Grease the ball bearing (item 102) with Kuber Isoflex NBU15, 0.35 cmc.

4.2 - Mount the ball bearing (item 102) in the encoder/bearing support (item 03), locking
it with two outside Snap rings (item 103).

5.0 - Subassembly screw/brake/rotor

5.1 - Wear the antistatic bracelet for all the operations of the paragraph 5.X.

5.2 - Prepare a double electrical 24V DC power supplier to test brake and motor
simultaneously.

5.3 - Mount the scroll of the satellite roller screw (item 100) with the satellite roller screw
support (item 14) using the screws (item 123). To make the following assembling
easier, position cylinder/screws vertically. Mount the key (item 110) in the seat of
the screw.

5.4 - Mount the screw in the subassembly central bearings (3.0), insert the distance ring
(item 09) and lock with the self-locking ring nut (item 111). Use socket spanner.

5.5 - Measure the gap between brake and housing, write it on the event sheet attached
to the work order.

5.6 - Mount the spacer bush and verify the coupling with the brake.

5.7 - Mount the brake (item 108, 109) on the its key, lock with the screws (item 122)
interfacing it with the subassembly central bearing seat (3.0) taking care of the
direction of the feeding cable, feed the brake and verify that no friction is present
between brake and screw. Close the grub screw on the key.

5.8 - Put a heatshrink sleeve 50mm long.

5.9 - Mount the distance ring (item 07) the bush (item 05) on the screw, wear the
frameless brushed motor/rotor (item 106), the distance ring (item 06) and lock with
the self-locking ring nut (item 104). Use socket spanner.

6.0 - Final Assembling.

6.1 - Wear the antistatic bracelet for all the 6.X operations.

6.2 - Mount the subassembly flange terminal bearing seat (4.0), to the subassembly
stator seat (1.0) using the shorter screws M4 X 15 in the seat of the screws (item
120) and lock.

6.3 - Mount the subassembly screw/brake/rotor (5.0), interfacing it to the subassembly
stator seat (1.0) using the screws (item 117) and lock.

6.4 - Mount the bush (item 20) on the terminal part of the screw, lock the three grub
screws (item 105).

6.5 - Look for p/n and s/n of the Encoder and write them on the event sheet attached to
the work order.

6.6 - Mount the rotor of the Encoder (item 101) without fixing it.
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6.7 - Mount the stator of the Encoder (item 101) (horseshoe shaped) without touching
the rotor, the screws (item 117) and fix it definitely.

6.8 - Check very carefully the play stator/rotor of the Encoder, which has to be 0.2 mm.
Turn the screw by hand and verify that no interferences or centring mistakes are
present. Lock definitely the rotor fixing grub screw of the Encoder.

6.9 - Connect the wiring of the Encoder into the proper socket.

6.10 - Mount the encoder housing (item 02) taking care of the direction of the passage
for the Encoder cable, fixing it with screws (item 120).

6.11 - Before mounting the flexible joint (item 01) to the encoder housing (item 02) with
screws (item 117), screw temporarily some grub screw (item 134) for safety
reasons, taking care of the direction of the passage for the cables.

6.12 - Mount the Proximity support (item 11) to the cover (item 10) and fix with screws
(item 130).

6.13 - As regards the sequence for the Proximity assembling, see section. B-B, of the
drawing 200505 v

1° Close the two screws to the satellite roller screw support (item 14)

2°  Mount the two Proximity (item 116) with proper nuts (item 125) and washers (item
126), Proximity will be regulated afterwards.

3°  Mount the flexure foil (item 21) using screws (item 127) and washers (item 128)
and lock.

6.14 - The protection (item 12) and the protection ring (item 13) with the relative screws
(item 124) have to be mounted after verification of the actuator run (20"°'°+1.o mm).

6.15 - Before mounting the flexible joint (item 15) to the satellite roller screw support
(item 14) with screws (item 117), screw temporarily some grub screw (item 134)
for safety reasons.

6.16 - Mount the support LVDT (item 17) to the flexible joint (item 15) with screws (item
122).

6.17 - Look for p/n and s/n of the LVDT and write it on the event sheet attached to the
work order.

6.18 - Mount in the support (item 17) LVDT (item 115) closing the screws (item 129) of
the collars softly.

6.19 - The last operation is to insert the stem (item 19), which has to run freely in the
coupling (item 01) in the cover (item 10) and in the support LVTD (item 17) acting
eventually on the screws (item 117) and (item 122) so that the stem (item 19) is
parallel to the actuator axis, after check close the nuts (item 118) and its washers
(tem 119). Close the screws (item 129).

Pag.132

ADS Srl - Corso Promessi Sposi, 23/d - 23900 Lecco - ITALY
Steward Observatory - University of Arizona - 933 N.Cherry Ave., Tucson Arizona 85721 - USA




. Doc.No :H9-DP-AD-001
‘;lal‘, l MMT CONVERSION lssue ;1
e Date : Oct.1998

12. Assembling procedure of the Hexapod

The procedure of assembling of the Hexapod system for the MMT secondary Mirror is
hereafter described.

12.1. Reference

DWG ADS 200513 “General Assembly”
DWG ADS 200505 “Linear Actuator”

12.2. Operative Instruction

For all the activities below described it is necessary to wear gloves to minimise
contamination of the components.

Before attempting to assemble the device it should be noted that at least four persons
will be needed for the final assembly.

12.3. Actuators

The actuators have been pre-adjusted to a lenght of 330+0.1mm, be careful not change
this length and avoiding rotating single parts of the actuator.

For safety precaution each flexible joint has been locked by four screws that must be
removed before assembly.

12.4. Lower interface ring assembly (DWG ADS 200508)

Three lower slope supports (item 22) have been pre-assembled to the interface ring
(item 26) by using the bolts (item 132) and also the plugs (item 24) have been fixed onto
lower slope supports (item 22) by the bolts (item 123).

Place the lower interface ring assembly on a granite table (or similar solid, level surface)
resting on three equal height X or V type blocks of height 100 mm approximately at
radius ~180 mm at about 120° being sure to leave free the area of the lower slope
support on which be mounted the linear actuators and enough room to close the nuts
(item 135).

Note the position of the X and Y axis marked on the interface ring.

12.5. Upper interface ring assembly (DWG ADS 200512)

Three lower slope supports (item 23) have been pre-assembled to the
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interface ring (item 27) by 1 (item 23) by the bolts (item 123).

Suspend the upper interface ring from a crane or controlled hoisting device using the
three ring bolts (see packing list) mounted three of the available threaded holes.

Note the position of the X and Y axis marked on the ring.

12.6. Hexapod final assembly (DWG ADS 200513)

Position the upper interface ring assembly aligned with the vertical axis of the lower
interface ring assembly at height about 400 mm (see the following picture).

Mount the six actuators, DWG. 200505, according to the diagram below, to the lower
interface ring assembly without closing the nuts (item 135), ensuring that all actuators
are the correct way up.
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Maintain the position of the six actuators, (three persons are needed) lower the upper
interface ring (a fourth person is needed) and align the actuators to the holes of the
slope supports ensuring correct alignment of the X and Y axis of the upper and lower

interface rings.

Mount and close all of the 12 nuts (item 135) and washers by using the appropriate tool

(see packing list)

Fix the electrical cables in a manner that will avoid excessive flexing and consequent

damage by fatigue.

vyY

lower interface ring
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13. HANDLING, PACKING LIST

13.1. Handling and transportation

The actuator mechanical assembly is delivered to Steward closed in an aluminium bag
to prevent contamination, and then installed in a wooden box where it is blocked by
means of screwed wooden bars to the box sides.
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13.2. Packing list
Full description of Encoder s/n Brake s/n Drive s/n Screw
goods Rollvis s/n
228/397/23 201-467-8100 QT2404 E
Actuator n.01 SX 5-543-035-B\248- | 30EFSB15 8 28V 97G17 890 8861/971513
789-01 gap 0.15 N.1 11384
228/397/23 201-467-8100 QT2404 E
Actuator n.02 SX 5-543-037-B\248- | 30EFSB15 8 28V 97G17 891 8861/971511
789-01 gap 0.15 N.2 11384
228/397/23 201-467-8100 QT2404 E
Actuator n.03 SX 5-543-033-B\248- | 30EFSB15 8 28V 97G17 892 8861/971509
789-01 gap 0.15N.3 11384
228/397/23 201-467-8100 QT2404 E
Actuator n.04 DX 5-543-038-B\248- | 30EFSB15 8 28V 97G17 894 8861/971514
789-01 gap 0.15N.5 11384
228/397/23 201-467-8100 QT2404 E
Actuator n.05 DX 5-543-039-B\248- | 30EFSB15 8 28V 97G17 643 8861/971507
789-01 gap 0.15N.4 11384
228/397/123 201-467-8100 QT2404 £
Actuator n.06 DX 5-543-040-B\248- | 30EFSB15 8 28V 97G17 645 8861/971508
789-01 gap 0.15 N.6 11384
228/397/23 201-467-8100 QT2404 E
Actuator n.07 DX 5-543-034-B\248- | 30EFSB15 8 28V 97G17 888 8861/971510
789-01 gap 0.15 N.7 11384
ADS DWG N. Qty. item
Lower plate 200508 1 26
with support and plate 300942 3 22
400708 6 24
Upper plate 200512 1 27
with support and plate 300943 3 23
400709 6 25
Treader M1.8 1
Eyebolt M6 3
Special Key 400751 1
Cable 14
Electrical box 1
Pliers 100
Motor Drivers 2 (spares)
Connectors 20
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