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Summary: The 1.3 GHz 9-cell cavity handling fixture consists of a
commercial cart, a universal head, a grip assembly, and a frame. This
engineering note documents the stress analysis of the universal head (other
components are treated separately in other engineering notes), to show that
the design of the universal head is structurally sound. The load analyzed is
500 Ib, 12 inch from the universal head face.



MD-ENG-178, Universal Head

The universal head assembly is shown in Fig.1 (The half model does not show all
components). The swing block is attached to a commercial cart. The u-channel and the
outer shaft are welded together. The 3/4 in shoulder bolt allows the outer shaft assembly
to rotate with respect to the swing block. The bronze bearing and 1/2 in shoulder bolt
allow the inner shaft rotate with respect to outer shaft. The frame grip assembly will be
connected to the face of the universal head. The total weight of the universal head is
about 30 lbs, and its center of gravity is about 6 inch from the back surface of the swing
block.
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Fig. 1 Universal Head Assembly

JAN 13 2009
13:40:30
Outer shaft
{stainless)
Swing block
Inner shaft Teflon {aluminum)
(aluminum) washer

Shoulder bolts

Teflon seal 3/4" (stainless)

Shoulder bolts

lBronze bearingl 1/2" (stainless)

U-channel
(stainless)

Universal head model

For this analysis we assume that the load carried by the universal head is 500 1bs (actual
load will be about half this number), and the center of the load is 12 inches away from the
face of the universal head. The loading situation is shown in Fig.2.

Now we analyze the stress in each component.
3/4 in shoulder bolt

The shear force comes in two ways: one is the 500 1b load; another is due to the moment
that is about 1000 Ib force, pulling the shoulder bolt away from the swing block. The
combined shear force is 1118 1b. Shear force acts in two positions, so at each position, the
shear force is F = 559 Ib. Cross sectional area of the bolt is A = Tr* = 0.442 in’. The shear
stress is 7= 1265 psi. The stainless steel 316L has yield stress of 42000 psi and ultimate
strength of 81000 psi. So the shoulder bolt is OK.
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Fig.2 Loading
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Swing block

The stress concentration in the swing block should be around the shoulder bolt hole. We
made a 2-D model of the swing block. The loads applied are Fx = -1000 / 4.5 = -222
Ib/in, Fy = -500 / 4.5 = -111 Ib/in. The stress plots are shown in Fig.3. The maximum
equivalent stress is 1380 psi. The swing block is made of aluminum 7075-T6. It has yield

stress of 70000 psi at room temperature.
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Fig. 3 Stress Plots of Swing Block
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U-channel

The stress in U-channel is also concentrated around the bolt hole. The loads applied are
Fx = 1000 / 0.5 = 2000 Ib/in, Fy = 500 / 0.5 = 1000 Ib/in. The stresses are plotted in
Fig.4. The maximum equivalent stress is 11988 psi. Compare this with yield stress of
42000 psi for stainless steel 316L, the safety factor is 3.5.
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Weldment

The thickness of weld is 0.31 in. We made a model of a tube, with ID = 3.9 in, thickness
= 0.31 in. Applied force and moment load. The stresses are plotted in Fig.5. The stress
numbers are small.

Fig. 5 Stress of Weldment AN
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Inner and Outer Shafts

The loading situations in the outer and inner shafts are not as simple as the components
analyzed above. The 1/2 inch shoulder bolt constrains the axial movement of the inner
shaft relative to the outer shaft. A 3D model is built to analyze the stress in inner and
outer shafts. Modeled are inner shaft, bearing and outer shaft, with contact surfaces
between them. The relative axial movement is constrained at the bolt hole through
coupled degree of freedom. Stresses (equivalent stress) are plotted in Figs. 6~8 for each
modeled component. Note that, some stress concentrations are due to simplified loading
and constraining. They will not exist in real situation. All of them are in the safe stress
region.
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Fig. 7 Stress plot of Inner Shaft
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Fig.8 Stress of the Bronze Bearing
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Conclusion
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The results are summarized in the table below. All stresses (for 500 1b, 12 inch from
universal head face) are under yield. The safety factors are calculated. The smallest safety
factor is for bronze bearing. But this is not a structurally critical component. The next
smallest number is for u-channel. It has a safety factor of 3.5.

Component Material Yield Stress Shear Stress / Safety Factor
(or assumed) (ksi) Eqv Stress (ksi)
shoulder bolt (S.S.316L) 42 1.265 33
Swing Block Aluminum 70 1.380 50
7075-T6
U-channel S.S. 316L 42 11.988 3.5
Weldment (S.S.316L) 42 3.425 12
Outer Shaft S.S. 316L 42 5.305 7.9
Bronze Bearing (Bronze) 12 6.705 1.8
Inner Shaft Aluminum 40 6.282 6.3
6061-T6
References

1. Properties of Aluminum Alloys, J.Gilbert Kaufman, ASM 1999

Material properties at room temperature

Material Tensile Strength
6061-T6 45 ksi
7075-T6 80 ksi

2. http://www.lenntech.com/Stainless-steel-316L.htm

Tensile Strength, Ultimate
Tensile Strength, Yield

558 Mpa
290 Mpa 0.2% YS 42 ksi

Yield Strength

40 ksi
70 ksi

81 ksi

3. http://www.efunda.com/materials/common_mat]

Material

Bronze; Regular
Bronze; Manganese

Yield Stress(MPa)  Ultimate Stress(MPa)
82 -690 200 - 830
170 - 450 450 - 620




Amendment
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Consider the situation in which the load is off axis by 4 inches. There will be an
additional twist moment of 2000 in-lb. From previous analysis results, we see that the
most concerned component is the u-channel. Let us list what loads it has: 1) from 500 Ib
load, we have Fy = 250 Ib on each side; 2) from bending moment, we have F, = 500 Ib;
3) from twist moment, we have Fy = 400 Ib on one side, and Fy =-400 Ib on the other
side. We take the larger load, cons1der Fx =500 Ib, and Fy = 650 Ib. The stresses are
plotted in Fig. 9. The safety factor will be reduced to 2.4.
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Fig.9 Stress Plots of U-channel
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Shear stress on collar weldment

The weldment thickness id 0.31 in, the length is 2.09 in, area = 0.65 in°. Twisting force is
2000 in-1b/2in = 1000 Ib. So the shear stress is 7= 1540 psi. The safety factor = 42/1.54 =

27.

Shear Stress on 1/2 in quick-release pin

Area = mir’ = m(0.25)" = 0.196 in2. Force = 2000 in-Ib/3.75 in = 533 Ib. 7= 2719 psi.

Safety factor = 42/2.719 = 15.



| g

~

ON I INGN00-ND | S30-5 1300704 ADOKOH $31 JBSXNZ LS08P | S OHLIM 03LV3ED
V|t o 6£GLSY-ON-000°GZG8S| * |
A 133HS HIBANN_ ON | MVHO 3V0S
ATBAN3ISSY ONIL1VLOY
av3H TVSY3AINN L¥VD L4117
AL1T710v4 408 - 4¥0S
A¥3N3 40 IN3WL¥VC3A S3LVLS G3LINN G€ P1HO13M 3LVAIXO¥ddV
AJOLYYOAVT JOLVIITAIOV TYNOILVN IWIEJ
HONI'S "N SS1INN ONIMYHO S|
1811 Sluvd 338 \/
v 3L
SIIVAUNS “HOVA TTY “XVA 9|
V611G vii ISV 2
B5ELSP-ON Hon ISV SHOISNAND "] N \l/
No azsn|  ONINYHG 3705 0N 00 2 I\ N v l
xm G0
L00Z-d35-11 | ETR Q3AOHadV] 53003 diies TV w38 i /“J;’/M N %“/
£002-43511 | SIATI'S apowo| 50300 3] 0 % l“/‘ ZN
£002-0nv-£Z | QuNH°0 navad] s3ony | x| X 1////\74 /W”
£00Z- 5?»&_ SIAII’S HOLYNI9O1HO| 03141035 3SIMHIHLO SSI N l“/ I“”
1S11 SLyvd /“l /\/
.>»0* 3Z1S ¥O NOIL1dI¥0S30 "ON L¥vd W3l I\/ ”“l
§ HI018 ONIMS 2ZELGY-EN ) ”“” ”“/
I AININGTI3IM LAVHS H3LNO GTELSY-ON z /“/ /\”
N7 NN
L L4VHS N3NNI LZELSY-ON £ IN/ //\l
5 4
[} HIHSYM NOT43L LGELSY-EN ¥ . ;” /W
1 Nid 3SV3T3M %IN0 271 e oo | S
8 | 3101143034 Nid 35V3TIH 0IN0 271 | OESYSIEYE, | o
1 "S§’S ‘ONOT .S '1708 ¥30NOHS .¥/C £
3 "S'S 'ONDT .9/€ | 1708 ¥3QINOHS .2/ 8
9l "S°S 'D1 .B/G 'SOHS NN Z€-014 6
1 SSYHE ' INN X007 ONN 91-8/¢ ol
) SSVH8 'INN %001 ONN :vn\w. |9
I Iv3S NO143L LOGLST-BN zi
| 91 .4 ‘ONIMYIE IZNONE b onous hud spory € |
4 ‘S’S 'HIHSYM LV .Z/1 vl
4 13NSYD B09LSY-8N Sl
1 MINOS TIAIMS OVEH O3 TONX ST’ | 9t
| 1004 M3¥OS 1IAIMS V 3dAL S | 20
1 ‘91 00°F X 91-8/F 9EaYZLYSE gl @
1SS 8-g1 '00Y G3QV3MHL HAYO-HILSYON
8/€ 0SPYPP616
' 155 8-81 ‘135 Yaism wouanes | mvsuarewen | 61 |\ Ll OIS O S Ta e
| 1SS £0€ 'BONM wvansiomen | 02 |V ¥3IND0IAVIYHL 29z 3111201 3sN
8l =
€0°
(/1 6ig )
[
(68)
_4 (8sg£ 0L )
800%-430 €1 SEI0S 1Y 0z ‘6L ‘8L SW3Ll| v
200z-100-51 | 3NO0TONOJON "4 030Qv_"L168 'ON ‘0°0°3
i1vo 03IAONddY 530
3iv0 e | NO| Ld 1 HD A3y

[ z 3 v _ S g _ 7 T g



