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Justification and Background Theoretical Analysis: Linear Expansion
' ' I ' I Clearance Versus Temperature

Danfoss Turbocor makes state of the art compressors that utilize magnetic bearing tech- i_r:r;efaarcte;;]pairlzlgr:)nelglude:’;lé)ennlssio\r/]acl)lg ir?ttéerelci T 3 ;I ; - p S ' '\Eﬂﬂ'ﬂ;t;ﬂcé%gg ssembled utilizing Englneerlng
nO|Ogy. One of the key StepS in manufacturing the compressor IS inserting an oversized s the inner diameter of the housing_ The o0 s ........ ........ S ........ ........ ........ ....... 2 _Hood lowers and closes using s||d|ng Teflon bear-
stator into an aluminum outer casting. The stator is held in place using an interference fit. linear expansion equation plotted using 180 ere oo ... S .5 ings LD
Batches of housings are loadea mtc_) a Ia_rge electric oven ]‘our at a tlme. The parts are the coefficient of thermal expansion for . o} -------- 615(" . -------- A ------- ] . Lid slides to the open and closed position using
then heated for approximately forty-five minutes. After heating the housing is moved to a Aluminum A356. Graph based on the - \ Teflon bearings
Secondary Stat|on Where the Stator |S Inserted Once the stator |S Inserted the part must maXImum materlal Condltlon Of bOth the % R b ase ........ ......... ........ ........ ....... ........ ........ ........ ....... o | Pneumatlc aCtuator USIng expandlng mandrel to
cool for a Iong time before workers can continue assembly. The batch method of heating housing and the stator é 0 ........ ........ ....... ........ ........ ......... nsert stator into housing
does not allow for rush orders to be completed in a timely manner. This two step system ' | B - ........ : ....... T SO . ........ !
uses extensive floor space that could be used for other manufacturing processes. AL = L, * a * AT PRI Y R
Streamlining the process into one station reduces floor space and allows one housing at _ Chanae in lenath bt ... Final Design: Stator Allgnment
a tlme processmg AL = Change in lengt | i B R S i . Location pins to locate stator »
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alignment ring

. Single pin to locate stator to stator
alignment ring

. Pins to locate housing

. Spring loaded mechanism to
move housing into position

. Slots to allow air circulation

Left: Current oven %
used to heat hous- & 1
ings four at a time
4 Right: Current sta-
| § tor insertion station.
‘,'{fzr This introduces slop
. when inserting sta-
| ‘ tor. |

L, = Initial length

a = Thermal expansion coef ficient

AT = Change in temperature

Theoretical Analysis: Heat Transfer

System 1

s dTy _ hiAy(T; — Ty) Initial Conditions

AN First Law System 1 a  mC, 1:(0) = 25°C
E my Cy Cf;;l — Q21 N d;Z - ml;vc,,_hiAirizc: Tl)_(Tév;etfj ) L(0) =25
I First Law System 2 ?:Zz
Problem Statement ; o
i mZCvE:W_le_Qloss Ezz
Design a more efficient way of heating the aluminum housing for stator insertion. Once i o P
. . . . . . : i = Heater Power w0 _ :
the housing is heated the outside surface should be easily handled without needing ex- a i Qrz = hAy (T, = Ty) s
cessive protective eq.wpment. The hea’glng and |r_1$_ert|on process should be Com_pleted n { B G = 2 T) . Short stroke actuator pulls wedge into expanding
a timeframe to allow increased production. The finished product should be considerably mandrel
smaller than the current heating equipment. . Outside of mandrel grips inside stator surface
. . . . . . . . Long stroke pneumatic actuator pulls the smaller
[
Englneerlng ReqUIrements Problem Design Approach Experlment 1: Verlfy _Lln_ear Expansmn actuator above the lid into the load position during
. Reduce heatlng tlme to IeSS than 15 Specification Steps: . Non-Dimensional Linear expansion Where to measure? heatlng CyC|e
minutes _ _ . Heat Housing to maximum .. . Once heated the stator is placed into housing and
. Lower final housing temperature s ot et Temperature E ' the mandrel is released
. Smaller size O e Construction of heating unit . Take diameter measurement 3 e
. . proof of concept . . xperimental
. Thermal expansion must allow for 60 mi- as housing cools
Experimental measurements of e mdt sl A _E N v~~~ 00005
crons C|earanlce. | housingexﬁﬂo;einatherma, T —— . Plot ex.perlmental data versus COHC]“SiOH
. Method for aligning stator and housing of heating unit theoretical data o
for thermocoup|e insertion Calculation of heat input needed Th : : :
. | o . e use of convection heating in the
. . to achieve the desired [
. Thermal eXpanSIOn mUSt a”OW fOr 60 mi- temperature using hot air Experimental testing and Experlment 2. PrOOf Of COncept TeStlng Compressor manufacturlng proceSS |S a
design adjustment . ' )
crons clearan.ce_ | S E— Experiment 2: Proof of Concept Testing Steps: o | feasible solution for Turbo Corr. The as-
component selection . .
. Method for allgnm.g statlor and housing B — erimer . Assemble proof of concept hea.tlng Chambgr sembled design successfully heated the
for thermocouple insertion “ Thermecupl . Attach thermocouple to housing to monitor nousing to the required temperature in
temperature - just under 14 minutes. The selected
- | . Record temperature at set time intervals |
Final Concept neater was the most powerful heater
Convective Oven | Oil bath Internal Resistive | Induction Heating ) PIOt data and Compare tO heat tranSfer mOdeI available Of the Shelf. A SpeCialized more
Cselection | Ko | Welght | | weight || weight || Weight . Verify data follows expected trend powerful heater could be implemented in
Criteria Score Score Score Score . .
order to increase the time. Due to the
Performance 30% 4 1.2 5 1.5 3 0.9 3 0.9 IOWer final temperature the housing
Complexity 2% & 08 3 06 2 04 (2 04 cooled to a safe handling temperature in
Si 20% 3 0.6 2 0.4 4 0.8 3 0.6 . . . .
= 20 minutes. The total heating, insertion,
Durability 15% 3 0.45 4 0.6 1 0.15 2 0.3
Change in Housing Temperature vs. Time
Cost 10% 2 0.2 2 0.2 3 0.3 3 0.3 90.00
User Friendly 5% 3 0.15 1 0.05 3 0.15 3 0.15 e i o oot v i % j::: /,
Total 3.4 3.35 2.7 2.65 _ g Pt A k l d
d 1di % 8 g 5 so.oo A}I
e : : : : . Insulated sliding hood t = g il CKNOwIC gments
Concept Selection cS)]loe;[itred base plate for circulation / i g o 4{§ Danf Turb FAMU/FSU
. . . o A RSP €3 aA1108SS 1Urovocor M
Based on the decision matrix it was decided that Concept A — - Heater to raise air temperature ) // N ¢ Rob P o C Ord
Convective Oven was chosen as our final design. Although . Bl(?WGr to circulate air through g . S w2t F Tim:(min) e.r o ® " - RO : arsons - DI Juan L. uraonesz
Concept B was very close in ranking, after presenting the unit | rime (min) s s - Dr. Lin Sun . Dr. Kareem Ahmed
choices to the customer the oil bath was eliminated because - AI_|gnment technique for stator st T X e o e e ® aperimentl veraeHousing Temperaure Change 2 Sandard Deiions ) . Kevin Gehrke . Dr. qu. Hovsaplan.
the compressor housing must remain dry. alignment . Dr. Srinivas Kosaraju




