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Ferrous Materials: 
GEM Rotator
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Broad Overview

The GEM Rotator has the 
following currently-identified 
ferrous elements.

Roller bearings (cyan)
● General doc found for 

SKF says material is 
100Cr6 [carbon steel]

Floor locks (green)
● Stainless & Carbon 

Steel, Connects are 
also carbon steel.

Motor (blue)
● Material specifics 

unknown, assume full 
magnetization 8% 

Chain (long thing)
● Is overmodeled, 

SS316

Fasteners (yellow)
● SS316 [wrongly listed 

as Grade 5 in previous 
PDF version]

x 7
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Broad Overview (Cont’d)

The GEM Rotator items 
added since previous slide 
now include:

Stepper Motor (cyan)
● 2 motors per septant so 

14 total; magnetic cores 
modeled (reasonably 
well for first pass, see if 
GEM team has any 
more details); fully 
magnetized material.

T-Nut Fasteners (Green Squares)
● Toy geometry; accurate 

mass spread over  
regions of fastener 
coverage; represents 
about 50% of fastener 
areas; SS-304
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Broad Overview (Cont’d)

The GEM Rotator items 
added since previous slide 
now include:

Wheel Pins (Green)
● Want to know if SS would 

be a problem.

Stepper Rods (Magenta)
● Made of SS

Stepper Bearings 
(Red geometry in cyan box)

● Made of carbon steel.

Stepper Bearing Housing 
(Yellow geometry in cyan box)

● Made of SS
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Broad Overview (Cont’d)

Adding Al mass:

● Frame mass will scatter 
primaries

● Frame mass will have 
some degree of 
attenuation on 
secondaries coming 
from certain 
components.

Largest components of frame 
mass added in.

● Frame mass/length = 
model… double check 
this.

● Wheels solid? Can’t tell 
from JT.

THIS IS NOT THE COMPLETE 
MASS. I WANTED TO GET 
~50% OF IT IN THE MODEL 
DISTRIBUTED AROUND. 5
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12/12/2023

GEM plane frames 
added to rotator 
wheel.

Not exact

Explicitly added for 
concerns about 
ferrous backgrounds 
from stepper motors 
and stepper drive 
bearings but all 
results have been 
updated.
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Note: Materials Permeability and Susceptibility
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Note: Depolarization Considerations

I’ve highlighted the depolarization of longitudinally 
polarized electrons line in red.

Presuming bremsstrahlung losses a 100MeV electron from 
our primary ferrous simulations will have a depolarization 
of 66.6%

We use this 2/3 polarization loss figure when needing to 
account for polarization losses. 

66.6%
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9300 – GEM Rotator Roller Bearings

Carbon Steel roller bearings. 

1” ID
2.25” OD

Modeled as cylinder with spec’d 
ID and OD with a z-thickness 
enough to give the ring a mass of 
~0.22kg (0.48 lb in specs).

Used G4-STAINLESS_STEEL in 
remoll for simulation.

https://www.skf.com/au/products/rollin
g-bearings/roller-bearings/tapered-roll
er-bearings/single-row-tapered-roller-b
earings/productid-15578%2F15520
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https://www.skf.com/au/products/rolling-bearings/roller-bearings/tapered-roller-bearings/single-row-tapered-roller-bearings/productid-15578%2F15520
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9300 – GEM Rotator Roller Bearings (cont’d)

https://www.skf.com/au/products/rollin
g-bearings/roller-bearings/tapered-roll
er-bearings/single-row-tapered-roller-b
earings/productid-15578%2F15520

Material information sourced from 
SKF website. 

(1) Confirm with Chandika 
specifics about the material for 
this specific. It’s possible that I 
missed specific component 
materials in listing on the website. 
Other than that all I found was 
general information about 
SKF-made components.
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9300 – GEM Rotator Roller Bearings (cont’d)

Previous modeling was just the roller bearings which 
are red in this screen snip. 

Added is the wheel structure made of aluminum (gray) 
and wheel pin (yellow) which is stainless steel (modeled 
as such on request). 

The additional materials should provide some shielding 
of primaries and attenuation of secondaries.

Note: There is some additional aluminum structure such 
as the plates which attach to the legs and hold the pins 
which are not modeled here. 
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9300: GEM Rotator Roller 
Bearings (ferrous material only)

● A factor of ~3.5 reduction in the 
fraction of primary hits.

● Secondary charge hits on the 
detector are reduced by two order 
of magnitude. 

➢ It’s not immediately clear why this 
is the case. I could make the SS 
pins sensitive in the secondary and 
assign a volume number to the Al 
structure.

● Nonetheless, I think the results 
demonstrate that the bearings 
are ‘safe’.
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NEW



Backgrounds that hit detector ‘28’9300: GEM Rotator Roller Bearings
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NEW



Backgrounds that hit PMT Region9300: GEM Rotator Roller Bearings
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NEW



9301 – GEM Rotator Floor Locks

Floor locks built to spec from JT 
files. 

Made of G4_STAINLESS-STEEL 
in remoll

Placed, in remoll, right behind the 
floor rail for the barite wall.

Barite Wall
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9301: GEM Rotator Floor Locks

Overall reductions in primaries 
and secondaries.

While these were previously on 
the edge of comfortability, they 
are now within acceptable 
limits by about an order of 
magnitude after additional 
considerations (depolarization, 
etc.)
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NEW



Backgrounds that hit detector ‘28’9301: GEM Rotator Floor Locks
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NEW



Backgrounds that hit PMT Region9301: GEM Rotator Floor Locks
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NEW



9302 – GEM Rotator Gear Motor

I went with a simple toy model for the 
GEM Rotator motor at this point. 

I could not find information online 
about a “6660N33” gear motor. 

So, I looked at similar looking models 
and many were in the 7-8kg range. 

I went with a toy model [rectangle] the 
width and height of the motor in the JT 
file and made it thick enough in Z for 
7kg of material.
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9302: GEM Rotator Gear Motor

Minor reduction in primary strikes, 
farther away from frame mass so 
this makes sense.

Considerations: 

(1) Depolarization (reduce by 3x)
(2) Toy model→Right mass/surface 
area overmodeled

Simulation suggests this is safe.
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NEW

>> *** Fully magnetized material fractional limit per e.o.t. is 10-12 *** <<



Backgrounds that hit detector ‘28’9302: GEM Rotator Gear Motor
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NEW



Backgrounds that hit PMT Region9302: GEM Rotator Gear Motor

22

NEW



9303 – GEM Rotator Chain

12mm high x 10mm deep

Modeled as the perimeter 
of two circles connected at 
common tangents with 
rectangle boxes

Material specified to be 
SS316

MAKE X/Y Plot for 
Primaries
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9303: GEM Rotator Chain

This fell well-under the tolerable limit 
previously 10-7 for SS316.

Simulated backgrounds fall by an order 
of magnitude after the addition of 
rotator frame mass. 

The chain was already over-modeled a 
bit so we’re a good three orders of 
magnitude under our imposed limit.
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NEW



Backgrounds that hit detector ‘28’9303: GEM Rotator Chain
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NEW



Backgrounds that hit PMT Region9303: GEM Rotator Chain
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NEW



9304 – GEM Rotator Fasteners

Three types of fasteners. 
Modeled 2 sets which were 
the bulk of the material. 

Material specified to be 
SS316

Item specifics on next three 
slides.
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NUT

BOLT

https://www.parttarget.com/530
5-01-576-2852_5305015762852_
93190A721.html/-604EA34A-153
0-4386-B042-EFB1DC88D8CF
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9304 – GEM Rotator Fasteners

https://www.parttarget.com/5305-01-576-2852_5305015762852_93190A721.html/-604EA34A-1530-4386-B042-EFB1DC88D8CF
https://www.parttarget.com/5305-01-576-2852_5305015762852_93190A721.html/-604EA34A-1530-4386-B042-EFB1DC88D8CF
https://www.parttarget.com/5305-01-576-2852_5305015762852_93190A721.html/-604EA34A-1530-4386-B042-EFB1DC88D8CF
https://www.parttarget.com/5305-01-576-2852_5305015762852_93190A721.html/-604EA34A-1530-4386-B042-EFB1DC88D8CF


https://www.par
ttarget.com/530
5-01-514-2852_
5305015142852
_175252.html/-6
04EA34A-1530-
4386-B042-EFB
1DC88D8CF
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I’ll note that the 
93190A722 bolt/screw 
overlaps in the center 
portion of the frame. I 
just unioned them 
together in remoll so 
they appear as one 
long continuous piece.

9304 – GEM Rotator Fasteners

https://www.parttarget.com/5305-01-514-2852_5305015142852_175252.html/-604EA34A-1530-4386-B042-EFB1DC88D8CF
https://www.parttarget.com/5305-01-514-2852_5305015142852_175252.html/-604EA34A-1530-4386-B042-EFB1DC88D8CF
https://www.parttarget.com/5305-01-514-2852_5305015142852_175252.html/-604EA34A-1530-4386-B042-EFB1DC88D8CF
https://www.parttarget.com/5305-01-514-2852_5305015142852_175252.html/-604EA34A-1530-4386-B042-EFB1DC88D8CF
https://www.parttarget.com/5305-01-514-2852_5305015142852_175252.html/-604EA34A-1530-4386-B042-EFB1DC88D8CF
https://www.parttarget.com/5305-01-514-2852_5305015142852_175252.html/-604EA34A-1530-4386-B042-EFB1DC88D8CF
https://www.parttarget.com/5305-01-514-2852_5305015142852_175252.html/-604EA34A-1530-4386-B042-EFB1DC88D8CF
https://www.parttarget.com/5305-01-514-2852_5305015142852_175252.html/-604EA34A-1530-4386-B042-EFB1DC88D8CF


https://www.lily-bea
ring.com/products/
92185a726/ 30

9304: GEM Rotator Fasteners
These weren’t in the simulation. I had hit my deadline 
and figured that we could mass-scale the results if we 
were concerned about there being an issue.

https://www.lily-bearing.com/products/92185a726/
https://www.lily-bearing.com/products/92185a726/
https://www.lily-bearing.com/products/92185a726/


9304: GEM Rotator Fasteners

Was fine before… see notes on 
previous slide. 

Background rates dropped by an 
order of magnitude with addition of 
rotator frame mass.
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NEW



Backgrounds that hit detector ‘28’9304: GEM Rotator Fasteners
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NEW



Backgrounds that hit PMT Region9304: GEM Rotator Fasteners

33

NEW



9306 – GEM Rotator T-Nuts (Toy Geometry)

● T-nuts SS304
○ https://8020.net/3607.html
○ https://8020.net/3678.html

● Modeling all of these is too difficult and 
likely unnecessary.

○ Modeled SS plates of material 
with proper masses at locations 
shown (in image shown).

○ Masses taken from specs from 
website for one screw/nut pairs.

○ Used 4x4 fastener location 
(outlined in red) to get a 
generalized density of 
material–16 fasteners over about 
(16cm)^2 of space.

○ There are a handful of middle 
fasteners that I did miss.

● Additional areas modeled circled in cyan 
(done on left and right) 34

Mass of ~792 t-nut fasteners modeled (one 
of the areas near the motor was slightly 
different but I modeled like the other side for 
ease but otherwise mass is accurate for 
each area although area may be slightly off).

⇒ This is about 50% of the total t-nut 
fasteners and represents an accurate spatial 
distribution of the t-nut fasteners.

^^^ Green squares are the t-nut toy geometry.

https://8020.net/3607.html
https://8020.net/3678.html
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Copy of spreadsheet of 
locations for the patches of 
SS placed where t-nut 
fasteners are located.

*Represents about 50% of 
total t-nuts.

**Modeled each area as a 
square patch so the area of 
coverage is centered 
correctly but may be slightly 
off due to shape.

9306: GEM T-Nuts (Toy Geometry)



9306: GEM T-Nuts (Toy Geometry)
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Ferrous background was previously fine with 
a ferrous background limit of 10-8

After depolarization considerations we sit ~3 
orders of magnitude under out set limit.NEW



Backgrounds that hit detector ‘28’
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9306: GEM T-Nuts (Toy Geometry)

NEW



Backgrounds that hit PMT Region9306: GEM T-Nuts (Toy Geometry)
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NEW



9307 – GEM Rotator Frame Wheel Pins

39

● Wheel pin design is currently for Al 6061-T6 and Chandika 
asked if we can determine whether or not it would be 
acceptable to use SS316 for the wheel pin.

● The large yellow cylinder is the wheel pin, the roller can be 
seen in gray and the bearings in red.



9307: GEM Rot Wheel Pins

40

NEW
As a reminder, SS316 falls under the 
worst quality SS putting the 
acceptable limit of ferrous 
backgrounds at 10-8

Simulated backgrounds fall four 
orders of magnitude under that.

It would be fine to make the wheel 
pins out of SS316 or better.



Backgrounds that hit detector ‘28’

41

9307: GEM Rot Wheel Pins

NEW



Backgrounds that hit PMT Region9307: GEM Rot Wheel Pins
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NEW



9308 – GEM Rotator Stepper Rods

43

● Material specs from website simply 
state that the material is stainless 
steel.

https://www.helixlinear.com/Products/Ste
pper-Motor-Linear-Actuators-/Stepper-Mo
tor-Linear-Actuator-External-/Stepper-Mot
or-Linear-Actuator-External-SMA-23E3.2
5-039196~SMA-23E3.25-039196#produc
t-specifications

● Rod is of course long piece of material 
attached to the motor (on right in 
image) and bearing (on left in image).

Stepper Rod

https://www.helixlinear.com/Products/Stepper-Motor-Linear-Actuators-/Stepper-Motor-Linear-Actuator-External-/Stepper-Motor-Linear-Actuator-External-SMA-23E3.25-039196~SMA-23E3.25-039196#product-specifications
https://www.helixlinear.com/Products/Stepper-Motor-Linear-Actuators-/Stepper-Motor-Linear-Actuator-External-/Stepper-Motor-Linear-Actuator-External-SMA-23E3.25-039196~SMA-23E3.25-039196#product-specifications
https://www.helixlinear.com/Products/Stepper-Motor-Linear-Actuators-/Stepper-Motor-Linear-Actuator-External-/Stepper-Motor-Linear-Actuator-External-SMA-23E3.25-039196~SMA-23E3.25-039196#product-specifications
https://www.helixlinear.com/Products/Stepper-Motor-Linear-Actuators-/Stepper-Motor-Linear-Actuator-External-/Stepper-Motor-Linear-Actuator-External-SMA-23E3.25-039196~SMA-23E3.25-039196#product-specifications
https://www.helixlinear.com/Products/Stepper-Motor-Linear-Actuators-/Stepper-Motor-Linear-Actuator-External-/Stepper-Motor-Linear-Actuator-External-SMA-23E3.25-039196~SMA-23E3.25-039196#product-specifications
https://www.helixlinear.com/Products/Stepper-Motor-Linear-Actuators-/Stepper-Motor-Linear-Actuator-External-/Stepper-Motor-Linear-Actuator-External-SMA-23E3.25-039196~SMA-23E3.25-039196#product-specifications


9308: GEM Rot Stepper Rods

44

The stepper motor rods are not 
problematic. SS316 or better is fine.

NEW



Backgrounds that hit detector ‘28’
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9308: GEM Rot Stepper Rods

NEW



Backgrounds that hit PMT Region9308: GEM Rot Stepper Rods

46

NEW



9310: GEM Rot Stepper Bearing Housing

47

● Material specs from website simply 
state that the material is stainless 
steel.

https://www.helixlinear.com/Products/Ste
pper-Motor-Linear-Actuators-/Stepper-Mo
tor-Linear-Actuator-External-/Stepper-Mot
or-Linear-Actuator-External-SMA-23E3.2
5-039196~SMA-23E3.25-039196#produc
t-specifications

● Rod is of course long piece of material 
attached to the motor (on right in 
image) and bearing (on left in image).

Stepper Rod

https://www.helixlinear.com/Products/Stepper-Motor-Linear-Actuators-/Stepper-Motor-Linear-Actuator-External-/Stepper-Motor-Linear-Actuator-External-SMA-23E3.25-039196~SMA-23E3.25-039196#product-specifications
https://www.helixlinear.com/Products/Stepper-Motor-Linear-Actuators-/Stepper-Motor-Linear-Actuator-External-/Stepper-Motor-Linear-Actuator-External-SMA-23E3.25-039196~SMA-23E3.25-039196#product-specifications
https://www.helixlinear.com/Products/Stepper-Motor-Linear-Actuators-/Stepper-Motor-Linear-Actuator-External-/Stepper-Motor-Linear-Actuator-External-SMA-23E3.25-039196~SMA-23E3.25-039196#product-specifications
https://www.helixlinear.com/Products/Stepper-Motor-Linear-Actuators-/Stepper-Motor-Linear-Actuator-External-/Stepper-Motor-Linear-Actuator-External-SMA-23E3.25-039196~SMA-23E3.25-039196#product-specifications
https://www.helixlinear.com/Products/Stepper-Motor-Linear-Actuators-/Stepper-Motor-Linear-Actuator-External-/Stepper-Motor-Linear-Actuator-External-SMA-23E3.25-039196~SMA-23E3.25-039196#product-specifications
https://www.helixlinear.com/Products/Stepper-Motor-Linear-Actuators-/Stepper-Motor-Linear-Actuator-External-/Stepper-Motor-Linear-Actuator-External-SMA-23E3.25-039196~SMA-23E3.25-039196#product-specifications


9308: GEM Rot Stepper
          Bearing Housing
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The stepper motor rods are not 
problematic. SS316 or better is fine.

NEW



Backgrounds that hit detector ‘28’
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9310: GEM Rot Stepper Bearing Housing

NEW



Backgrounds that hit PMT Region9310: GEM Rot Stepper Bearing Housing
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NEW



Summary

51

and meeting comments/notes



521BG=Background

(Updated) Simulation Summary & Comments
Ferrous 
Detector

Ferrous Volume 
Common Name Material(s) Ferrous BG1 Limit

[per e.o.t.]

OLD
Main Det Sim 
BG1 [per e.o.t]

NEW
Main Det Sim 
BG1 [per e.o.t]

Comment

9300 Roller Bearings 100Cr6
[Carbon Steel] 10-11 < 2(10-11) ~8(10-14)

Addition of large amounts of wheel materials and stainless 
steel wheel pins have reduced the ferrous backgrounds to 
tolerable limits. 

9301 Floor Locks Carbon Steel 
and SS 10-11 ~1(10-11) ~2(10-12) Addition of wheel materials has dropped this by about a factor 

of 2 into tolerable range. 

9302 Gear Motor 7kg Multiple 
Materials 10-12 < 1(10-12) ~4(10-13) Assuming worst material limits we’re still under the ferrous BG1 

limit.

9303 Chain SS316 10-8 ~2(10-9) ~2(10-10)
Over-modeled slightly and safely within limits. Depolarization 
adds further comfort as does shielding and attenuation by GEM 
Rotator structure.

9304 Bolt Fasteners SS316 10-8 ~4(10-9) ~5(10-10) As expected, addition of wheel materials reduced backgrounds 
further. Bolt fasteners are not a concern.

9305 Stepper Motors Modeled as 
2.6kg Fe 10-12

~4(10-12)
↓

~1.5(10-12)

~3(10-12)
↓

~2(10-12)

As modeled, with depolarization considerations we are down to our 
limit. Current modeled mass is about 25% of the motor. So there 
may be some mass scaling needed (x2)SUPERCEDED BY RESULTS IN DOCDB 1185



531BG=Background

Simulation Summary & Comments (Cont’d)
Ferrous 
Detector

Ferrous Volume 
Common Name Material(s) Ferrous BG1 Limit

[per e.o.t.]

OLD
Main Det Sim 
BG1 [per e.o.t]

NEW
Main Det Sim 
BG1 [per e.o.t]

Comment

9306 T-Nut Fasteners SS304 10-8 ~2(10-10) 2(10-11)
Model result was ~2(10-11), doubling to account for unmodeled 
mass we come to <4(10-11). Assuming that SS-304 is absolute 
worst quality this is still well below tolerable limits.

9307 Wheel Pins SS316 10-8 N/A 1(10-12) More than tolerable to be made of SS316 or better. Chandika 
uncertain whether or not pins will be Al or SS.

9308 Stepper Rods SS
[Unspecified Type] 10-8 N/A 2(10-11) Stepper Rods are fine.

9309 Stepper Bearings Carbon Steel 10-11 N/A
1.5(10-10)

↓
~5(10-11)

These are closest to the beamline of any ferrous item in the rotator. 
High background rates are not surprising. Depolarization reduces 
by factor of 3.  There’s more wheel mass which isn’t modeled,  but I 
don’t expect a drastic reduction like the wheel bearings.

9310 Stepper Bearing 
Housing SS316 10-8 N/A 2(10-10) These are fine.

SUPERCEDED BY RESULTS IN DOCDB 1185



OLD: 

54

➢ Stepper motor (9305) and 
stepper drive bearing (9309) 
results are old.

NEW results in docdb 1185



9309 – GEM Rotator Stepper Bearings
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● Chandika informed me that the 
bearings will be some kind of 
carbon steel. 

● Bearings are surrounded by a 
stainless steel housing (yellow square).

○ Chandika has been told by 
the manufacturer that the 
housing can be made of SS316.

● There is currently no Al frame material (shown in gray) surrounding these put 
into the ferrous simulation. 
⇨ Additional materials may help attenuate ferrous backgrounds from the 

steeper bearings as was the case with the wheel bearings although 
there is less material ‘in the way’ for stepper bearing ferrous 
backgrounds.

Stepper Rod Bearings



9309: Gem Rot Stepper Bearings

56

OLD

Stepper bearings are some type of 
carbon steel. This puts tolerable ferrous 
background limits at 10-11.

Raw simulation results give ferrous 
backgrounds at the ~1(10-10) level.

Depolarization considerations bring the 
raw simulation results to around 5(10-11) 
still above our desired limit.

There are additional materials which can 
be modeled.



Backgrounds that hit detector ‘28’
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9309: Gem Rot Stepper Bearings

OLD

THESE ARE NOT 9309!!!!!!!



Backgrounds that hit PMT Region9309: Gem Rot Stepper Bearings
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OLD

THESE ARE NOT 9309!!!!!!!



9305 – GEM Rotator Stepper Motors

Stepper motors.

Unsure of particular design of these. 

Modeled the ferrous materials as a 
cylinder (rmin=8.5mm and 
rmax=15.5mm). Unsure of total 
material needed so just went with 
z=45mm; this is probably too much 
material but figured too much here 
was better than too little.

59

𝜌Fe ~ 7.8 g/cm3

23.8 cm3 x 𝜌Fe = 185.6 g (x 14)

~2.6kg of Fe in simulation

*** There could be model improvement with more 
information from GEM team if the information is on 
hand or known. I may very well have over-modeled 
the material in question.

This rotator is 
L/R symmetric



9305: GEM Stepper Motors

60

Ferrous background goal here is a limit of 
10-12

As would be expected, there was little 
change from the previous simulation. These 
stepper motors are far out with little mass 
around them. 

However, with depolarization considerations 
we can take off a factor of 3 which puts us at 
the tolerable limit.

>> *** Fully magnetized material fractional limit per e.o.t. is 10-12 *** <<

OLD



Backgrounds that hit detector ‘28’
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9305: Gem Rotator Stepper Motors

OLD



Backgrounds that hit PMT Region9305: Gem Rotator Stepper Motors
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OLD


