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INFORMATION

INFORMATION CONCERNING THIS SPECIFICATION

CUSTOMER

customer’s address

BASIS FOR THIS
SPECIFICATION

REFERENCE DOCUMENTS

[1] miscellaneous Emails

[2] telecom 05.04.2012 e Ferlflilab

EXPLENATION
OF THIS SPECI-
FICATION

column: “required value”:
Customer’s requirements are copied 1:
to the source of the requirement is gi

olumn of the specification. A reference

column: “offered solution”:
Phytron inserts the technical i [ n to do. If the customer’s

requirement cannot be me ”in the column
“change/stat”.

Phytron’s offering always refer i umn. Before Phytron can create a final quo-
tation all “TBC by cus ” e discussed with the customer, a solution needs

pecification needs to be checked by the cus-
S is column, Phytron for example does not
as changed a value in the column “offered solution”
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1 PROJECT DESCRIPTION

1.1 BRIEF INTRODUCTION INTO THE PROJECT:

A new accelerator facility will be built at FERMI National Accelerator Laboratory. For the fre-
quency adjustment in the cavities some actuators are necessary.

The planned stepper motor actuators based mainly on the actuators which were developed and
successful tested in 2008 for the DESY project (Hamburg, Germany). aller changes
must be implemented in a modified design due to a higher axial load 1d some other
material changes.

In the moment the project should proceed in 3 main steps. At first, P

versions of prototypes. We suggest 2+2+2 = 6 syste in total. the
tribological characteristics of the spindle material and ¢ s. One piece e test
and another one for reference.

One system will use a non hardened, non- magnetl eel version with a coating and a
dry lubrication, second system will use a titani and the third one is a CuBe

spindle system. Last one is not preferred bu

The DESY actuator was tested under 1
1,300 N. Different non-magnetic spindle m
point out, that we cannot guarantee the 1,30

d coatlngs must be tested now. We will
a first step. Lifetime performance and the
ues are available for these combinations.

tween nut and spindle. .
critical point. The high erences in the E-module and in the thermal expan-
on these uncertainties, the load angle of the stepper
e overall stiffness, repeatability and margin of safe-

ons. That can create some domino effects like ther-

e DESY actuator shows a necessary current of 12 %, in relation
> the 120 N load. Starting current values demonstrate the high

a factor of ap in relation to the nominal current. The load factor between DESY and
FERMI is 1,300 = 10.8. If we calculate with the same friction characteristic we will need
nearly the nominalcurrent to move the high load.

In a second step FERMI must test the friction characteristic of all actuator systems in an repre-
sentative lifetime test and send the systems afterwards back to PHYTRON. We make an EOL
analysis and compare the values with the BOL values to verify the degradation in performance
and wear.

Finally FERMI must take a decision for one system. If the performance cannot be reached in the
first step, the system must be modified in motor and gear size.

Rev: B Specification Project:FERMI-1
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1.2 REQUIRED QUANTITIES:

Note: As
tested.

[ S

oo =

a2 &
required 2+2+42 800
quantity

a minimum requirement of Phytron, at least some prototypes needs to be

1.3 PROJECT MILESTONES:

Project Milestones

applicable

Phytron to create this specification

X

r to create a clear un-
hytron’s offered solution

Project Meeting, TeleCon or WebCon wi
derstanding of the customer’s:requirements

X

Phytron to build the series with CoC to the selected prototype.

Rev: B
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2 CONCEPT DESCRIPTION

actuator

2.1 CONCEPT ILLUSTRATION

The actuator can change the diameter of the middle
tuner ring segment. Flexible blades hold the 3 ring
systems in a constant distance to each other. Only
axial forces will be visible in the spindle- nut system.
No additional bending moments will occur.

planetary
gear

spindle

copper
plate
/ step otor

nut

2.2 BRIEF TEC MARY-OF THE CONCEPT
HVC-NSSN-X with integrated gear

- lead exit axi m, AWG 22

- mate i ges and internal parts stainless steel
- materi i be non-magnetic

- duplex bearing guration for spindle shaft (O-configuration)

- laser marking with manufacturer, article and serial number at rear flange
- assembling and testing in clean production area (CPA)

- first bake out

Note : In the DESY project the cable shielding was fixed from DESY side with a separated M4
screw inside a internal motor housing thread. That creates more effort during assembling and
some small mesh particles. We offer here an integrated high conductive EMV cable gland and
deliver directly with a mounted shielding.

Rev: B Specification Project:FERMI-1
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2.3 PRELIMINARY ICD
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3 DETAIL SPECIFICATION
3.1 MAIN CHARACTERISTICS AND OPERATIONAL DATA
‘ description ‘ required values ‘ offered solution change/stat
main characteristics
motor type not specified \,\/122,\?_2>.(200.1 Ll e Rev. A
1/64 micro step, functional
step mode not specified testing at PHYTRON with Rev. A
1/10 mini step
gear included not specified planetary gear Rev. A
nominal voltage not specified r2n4as. 42 V, tested with 20 and
nominal phase not specified 1.2A Re
current
max. RPM at gear oo .
output shaft not specified 400 Hz fullstep on motor side CA
. . o.k., spindle efficiency must be
axial load capacity | max. 1,300 N [1] ‘ tested in prototype phase Rev. A
3.2 PERFORMANCE AND NON FUN AL REQUIREME
‘ description ‘ required values ‘ offered solution change/stat
mechanical performance and characteristics
with 1/64 micro step mode a
theoretical resolution off
resolution 600 nm [2] 1,56x10 um/ministep = 1.56 Rev. A
nm is possible
in fullstep mode 99.84 nm
no preload between nut and
preload spindle Rev. A
motor bearin
type, quality, dry lubrication WS, Rev. A
ing, lubricatio
preload/ bearing duplex bearing configuration Rev. A
co with lower preload )
gear performance
not specified ratio 50:1 Rev. A
not specified dry lubrication WS, Rev. A
approx. 35 arcmin, can be
not specified electronically compensated by Rev. A
a unidirectional drive process
material
material defin not specified stalnlgss steel, MO MEGAETD Rev. A
material for the spindle
3 different spindle versions will
coating defined not specified be used for the prototype Rev. A
phase
motor dynamics
turning direction cw, ccw [1] o.k. Rev. A

Rev: B
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electrical performance and characteristics
design voltage not specified 42V Rev. A
irr?;;stance of wind- not specified ~ 0,8 Q per phase Rev. A
:Eggcwlty of wind- not specified ~ 2,0 mH per phase Rev. A
cleanliness
o cable shielding and special
EMC not specified EMC cable gland Rev. A
3.3 FUNCTIONAL REQUIREMENTS
‘ description ‘ required values ‘ offered solution ‘ change/stat
safety, protective functions
protection against not specified all parts o_f the magnetic circuit WV- A
corrosion are chemically nickel plated
a thermocouple (k-type) will be
. . installed to control the winding
g;%tﬁ]cgg?nagalnst not specified temperature. Rev. A
9 The winding temperature shall
not be higher than +130°C
out gasing / e
bakeout not specifie bake out Rev. A
electrical conduc-
tion of the motor conductive surfaces Rev. A
surface
surface protection 0.k. Rev. A
grounding mecha- ok Rev. A
nism o )
changeability
interohangem o.k. Rev. A
additional functions
cooling with nitr
ge ouah er plate o.k. Rev. A
. not specified all cavities are open, venting Rev. A
over the cable exit

Rev: B
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34 INTERFACES
3.4.1 ELECTRICAL INTERFACE
‘ description ‘ required values offered solution change/stat
electrical connection
number of leads not specified 4 leads motor+ 2 leads for the Rev. A
P k-element )
motor connector; . .
motor connector not specified fly[ng !eads, cable gland with Rev. A
shielding

socket
strain relief not specified PHYTRON standard Rev. A
lead length not specified 500 mm, shielding 450 mm A
lead isolation not specified kapton Re
cable exit not specified axial on rear flange, see ICD Rev.

leads color code not specified

PHYTRON standard

wiring diagram not specified

3.4.2 MECHANICAL INTERFACE

Phytron will provide an ICD

drawin v. A

‘ description ‘ required values ‘ offered solution change/stat
mechanical influence to the Phytron system
. max. 1,300 N in push and p performance cannot guaran-
axial loads direction teed in the prototype phase Rev. A
radial loads no loads, n ments o.k. Rev. A
motor dimensions
max. motor di- Phytrpn will provide an ICD Rev. A
ameter drawing
max. motor le Phytr.on will provide an ICD Rev. A
drawing
. Phytron will provide an ICD
shaft diamet drawing Rev. A
Phytrpn will provide an ICD Rev. A
drawing
Phytr.on will provide an ICD Rev. A
drawing
‘ description required values offered solution change/stat
altitude
altitude while s
operation not specified o.k. Rev. A
surrounding medium
type of surround-
ing medium while | vacuum o.k. Rev. A
operation
type of surround-
ing medium while vacuum, normal air o.k. Rev. A
testing
Rev: B Specification Project:FERMI-1
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temperature

min./ max. sur-
rounding tempera-
ture while opera-
tion

-270°C........ +40°C [1]

PHYTRON can test up to
-196°C in fluid nitrogen

Rev. A

min./max. sur-
rounding tempera-
ture range - non
operating

-270°C........ +40°C [1]

o.k.

Rev. A

pressure

min. pressure
(while operation)

vacuum

max. pressure

(while operation)

ambient

3.5 PRODUCTION AND ASSEMBLY REQUIREME

3.6 LIFE CYCLE OF PRODUCT

3.6.1 INITIATION
description required values offered solution change/stat
first out-gassing .
by phytron not specifie stator bake out Rev. A
3.6.2 OPERATION
description required values offered solution change/stat
lifetime not sp o.k., TBV in the lifetime test on Rev. A
customer side
operation fi teps per only
duty cycle y adjustme o Rev. A
3.6.3
description required values offered solution change/stat
not specified o.k. Rev. A
not specified o.k. Rev. A

Rev: B
Released:
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3.7 HANDLING AND STORAGE

‘ description ‘ required values offered solution change/stat

handling

cleaning before oo . .

assembling not specified cleanroom condition required Rev. A
storage

min/max ambient

temperature dur- not specified -50°C to +70°C Rev. A

ing transport

max. humidity not specified cleanroom conditions recom- Rev. A

while storage mended

3.8 IDENTIFICATION
description required values offered solution change/stat

laser marking on rear flange
marking not specified with manufacturer, article no

‘ and serial no

3.9 SHIPMENT

description required values offered solution change/stat

Phytron standard vacuum
packaging ecified packaging with label on the Rev. A
bag

4 DELIVE MENTATION

Document Description change/stat
Rev A
(ICD) Rev A
he specification Rev A
Rev: B Specification Project:FERMI-1
Released: Author: JS page 14 of 23
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5 PROJECT PHASE-1 : PROTOTYPES

5.1 DOCUMENTATION AND TESTS FOR PROTOTYPES :

Phytron will test the motors with the Phytron MCC-2 LIN driver at 24V and/or with the SINCOS
driver at 20V.

Type of amplifier : MCC
Voltage : 24 V, different voltages possible with external power supply
Motor current : up to 3,5 Ageax, but only in discrete steps

Micro stepping : each fullstep can divided into max 256 micro steps

Type of amplifier : SINCOS
Voltage : 5.....20 V, the supply voltage can be adjusted between 5.....2 al power
supply

Motor current : up to max. 1,5 A (without cooling), steples
Micro stepping : each fullstep can divided into 1, 2, 4,

or 20 micro steps

5.1.1 INITIAL INSPECTIONS BEFORE ASS LING
Chapter 3.0 in EIDP

Acceptance change/

Test Name Detailed Test Description Criteria stat

ambient conditions, CP. recorded by

microscope inspection BOL entation of im surfaces and parts Phytron Rev A
5.1.2 ELECTRICAL TESTS
Chapter 4.0 in EIDP
. . Acceptance change/
Test Name Detailed Test Description Criteria stat
. recorded by
resistance r coils are measured Phytron Rev A
. recorded by
inductance otor coils are measured Phytron Rev A
ambient conditions, recorded by Rev A
PHYTRON VSS standard (1,500 V, EN 50178 /VDE 0160) Phytron
bient conditions, NPA recorded by Rev A
ocouple type K (only in EM) Phytron
. _— Acceptance change/
Test Name Detailed Test Description Criteria stat
normal conditions, CPA
amplifier (SINCOS) .
rotation direction check - reduced current 0,4 A, 20V rort;g%gr?évcwd Rev A
with 2000 Hz 1/10 mini step
check with step sequence table in ICD
normal conditions, CPA
?:fn;;g;%lé? motor not energized retF:)%rdt?gnby Rev A
9 torque sensor 50 Nmm (hold mode) y
Rev: B Specification Project:FERMI-1
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holding torque motor

normal conditions, CPA
amplifier (MCC-2)

recorded by

; in CW and CCW direction Rev A
under nominal current nominal current 1.2 A, 20V Phytron
torque sensor 1,0 Nm (hold mode)
normal conditions, CPA
starting current motor amplifier (SINCOS), 20V recorded by Rev A

with gear under ambient

with 50 Hz full step
in CW and CCW direction

Phytron

drop down current motor
with gear under ambient

normal conditions, CPA
amplifier (SINCOS), 20V
with 50 Hz full step

in CW and CCW direction

recorded by Rev A

starting current motor
with gear under low
temperature

fluid nitrogen, CPA
amplifier (SINCOS), 20V
with 50 Hz full step

in CW and CCW direction

Rev A

axial force under ambi-
ent

normal conditions, CPA

amplifier (MCC-2)

current to reach 1,300 N in pull direction
with 4000 Hz in 1/10 mini step

axial force sensor

5.1.4 OPERATING TIME / CYCLE RECORD

Chapter 6.0 in EIDP

orded by
ron

Rev A

. i Acceptance change/
Test Name Detailed Test Description Criteria stat
NO D
5.1.5 MECHANICAL TESTS
Chapter 7.0 in EIDP
Test Name Detailed Test Description Acceptance change/
Criteria stat
ent conditio PA
main motor dimension t an rding of main dimensions ICD dimensions Rev A
dimension table

ambient con s, CPA

axial pla measurement of axial play after duplex bearing adjustment max. 20 um Rev A

ith ~2N
ient conditions, CPA

ra rement of axial play after duplex bearing adjustment max. 20 um Rev A
with ~2N
ambient conditions, CPA

run out geal measurement of run out after duplex bearing adjustment max. 20 um Rev A
motor shaft rotation

bearing preload . "

; ambient conditions, CPA .

::de et;eanng at rear measurement of axial force 10-20N Rev A
ambient conditions, CPA . .

length of leads measurement length of leads ICD dimensions Rev A

Rev: B
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5.1.6 OUTGASSING PROCEDURES
Chapter 8.0 in EIDP

Test Name Detailed Test Description Ac(c:::zi;t)etiigce Chsat';?e/
- nitrogen gas flow, NPA
bake out - +130°C/2h el Rev A
- preconditioning stator (bake out) P
5.1.7 SURFACE PREPARATIONS
Chapter 9.0 in EIDP
. . Acceptance change/
Test Name Detailed Test Description Criteria stat
NOT REQUIRED
5.1.8 VIBRATION TESTS
Chapter 10.0 in EIDP
. . Acceptance change/
Test Name Detailed Test Description Criteria stat
REQUIRE
5.1.9 THERMAL TESTS
Chapter 11.0 in EIDP
. i Acceptance change/
Test Name Detailed Test Description Criteria stat
starting current motor ature, CPA recorded b
with gear under fluid Phvion y Rev A
nitrogen temperature y
drop down current moto
with gear under fluid ] re‘,;%rdtfgnby Rev A
nitrogen tem . L Y
in CW and CCW direction
normal conditions, CPA
iplifier (MCC-2)
pt to reach 1,300 N in pull direction ref:%rdtfg nby Rev A
with'4000 Hz in 1/10 mini step y
axial force sensor
5.1.10 RADIA
Chapter 12.0in E
. _— Acceptance change/
Test Name Detailed Test Description Criteria stat

NOT REQUIRED

Rev: B Specification Project:FERMI-1
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5.1.11 LIFETIME TEST

Chapter 13.0 in EIDP

. . Acceptance change/
Test Name Detailed Test Description Criteria stat
NOT REQUIRED, WILL BE DONE BY CUSTOMER ON NEXT ASSEMBLY LEVEL
5.1.12 CLEANING AND PACKAGING
Chapter 14.0 in EIDP
Test Name Detailed Test Description Acceptance change/
Criteria stat
identification and laser . o . e
marking check ambient conditions, CPA identification done Rev A
clean room conditions, CR
assembling in red anodized transport cover .
final cleaning lead fixing cleaning process Rev A
. performed
clean packaging
labeling
ambient conditions, NPA
. soft foam packaging packaging process
packaging documentation performed Rev A
transport papers for shipment
5.1.13 POST INSPECTION AFTER TES
Chapter 15.0 in EIDP
Test Name Detailed Test Description Acceptance change/
Criteria stat
ambient
microscope inspection rfaces and parts recorded by Rev A

Phytron

Rev: B
Released:

Specification Project:FERMI-1
Author: JS

page 18 of 23




1-¥6.0-3N AV

phyftron

Beyond Steppers

5.2  TEST SEQUENCE / TEST MATRIX FOR PROTOTYPES
DEFINITIONS AND CLARIFICATIONS

The assembling steps and the test sequence can be different for each project and don't follow
always the same rules. That can determine that a test must be measured sometimes again in
different project phases or process steps. It must be clearly decide between the difference of the
test sequence and the process to measure a characteristic value.

PRE OUTGASSING :
At the beginning some of the used parts or subassemblies are pre cg
chamber to minimize contaminations during the further processes.

d in a vacuum

INITIAL INSPECTION BEFORE ASSEMBLY :
All inspections like characterizations, measurements, procedures or othe s
done before assembling. The measured data and microsco ictures at BC help-
ful to understand different processes like degradation fetime, tests to e parts
and surfaces between BOL and EOL.

INITIAL FUNCTION TEST :
All tests in the early assembling phase to [ t characteristic of electrical,
physical and mechanical data.

ENVIRONMENTAL TEST :
Meant are all tests which characterize the mo complete actuator in the electrical, phys-
ifi ditions. The test data can show the effects
under these conditions like the in h of lubrication under lower temperature,

aging effects after a radiation dos

POST ENVIRONMEN

VIBRATION :
Can include

THERMAL VACUUM TESTS :
This covers all tests which have to be done under vacuum conditions between -150°C (123 K)
and +180°C (453 K). It can include similar thermal tests as described above if vacuum condi-
tions are required.

POST ENVIRONMENTAL TESTS :
Is dedicated to compare the test values with the values under different conditions. Can be im-
portant for the knowledge of MOS.

Rev: B Specification Project:FERMI-1
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FINAL VACUUM CONDITIONING :
Process to reduce the amount of possible condensable material inside vacuum from the final
product.

FINAL INSPECTION
Contains some final checks and measurements, the complete final cleaning and packaging.

PACKAGING / TRANSPORTATION
Final cleaning process inside the CR to minimize the surface contaminations. Visual inspection
under special light followed by the special packaging procedure. In somesecases are special
transport covers used.

LIFETIME :

The motor or the complete actuator must be tested under the assump ty cy-
cle and environment conditions. These tests are normally very time consu e the
allocation of the test setups or test facilities and capacities chap-

POST INSPECTION AFTER TESTS / LIFETIME :
Is to be done to compare the test values or inspection results OL and EOL. The lifetime test
can be done at PHYTRON or at customer sid next assembl .
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EIDP CHAPTER

PRE CONDITIONING

INITIAL INSPECTION BEFORE
ASSEMBLING

INITIAL FUNCTION TESTS
ENVIRONMENTAL TESTS
POST ENVIRONMENTAL TESTS
VIBRATION
POST VIBRATION TESTS
THERMAL TESTS
THERMAL VACUUM TESTS
POST THERMAL TESTS
FINAL VACUUM
OUTGASSING
FINAL INSPECTION
PACKAGING / TRANSPORTA-
TION
LIFETIME

POST INSPECTION AFTER

TESTS / LIFETIME

5.0 DYNAMICAL
TESTS

5.1 ROTATION DIREC-
TION CHECK

5.2 DETENT TORQUE
MOTOR (MAGNET-
IZED)

5.3 HOLDING TORQUE
MOTOR UNDER NOM-
INAL CURRENT

5.4 STARTING CUR-
RENT MOTOR WITH
GEAR UNDER AMBI-
ENT TEMPERATURE

5.5 DROP DOWN
CURRENT MOTOR
WITH GEAR UNDER
AMBIENT TEMPERA-
TURE

5.6 AXIAL FORCE
UNDER AMBIENT
TEMPERATURE

6.0 OPERATING
TIME/CYCLE RECORD

T REQUIRED

7.0 MECHANICAL
TESTS

7.1 MAIN MOTOR
DIMENSIONS

7.2 AXIAL P
SHAFT

7.3 RA AY
GEAR T

7.4 RUN
GEARSHA

7.5 REAR BE
PRELOAD

7.6 LENGTH OF LE

8.0 OUTGASSING

8.1 BAKEOUT STATOR

9.0 SURFACE
PREPERATIONS

NOT REQUIRED

10.0 VIBRATION

NOT REQUIRED

TESTS
Rev: B Specification Project:FERMI-1
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POST INSPECTION AFTER
TESTS / LIFETIME
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11.0 THERMAL TESTS
11.1 STARTING CUR-
RENT MOTOR WITH
GEAR UNDER FLUID

NITROGEN TEMPER-
ATURE

11.2 DROP DOWN
CURRENT MOTOR
WITH GEAR UNDER
FLUID NITROGEN
TEMPERATURE

11.3 AXIAL FORCE
UNDER FLUID NITRO-
GEN TEMPERATURE

12.0 RADIATION
TESTS

OT REQUIRED

13.0 LIFETIME TESTS N QUIRED

14.0 CLEANING AND
PACKAGING

14.1 IDENTIFICATION / X
LASER MARKING

14.2 FINAL CLEANING X
14.3 PACKAGING X
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5.3 PROJECT SCHEDULE:

After receiving the complete order we will create and share the final interface control drawing
(ICD) within 1-2 weeks for customer written approval.

At point of release we must order all external long term buy parts. Customer needs to especially
test and verify the lifetime performance at next assembly level. Phytron foresees here no tests.

The lead time of the prototypes can be approx. 14 weeks (bearing and ge
be approx.10 weeks).

art lead time will

6 APPENDIX

Not applicable.
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