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Abstract : Recent automakers are trying to be more precise with the dimension check and moving parts to guarantee
high quality and satisfy customer requirements. The aim of this paper is to investigate the design tolerance suitability of
door operating mechanism linked arms, lever, and cam-shaft in a mobile air handling unit. These parts are complicated
because doors, arms, lever and cam-shaft are connected nonlinearly in 3D. The current tolerance analysis method poses
problems in design analysis because the moving doors are reasonably suitable for the AHU function. The 3-DCS
analysis method provided useful results not only in establishing the inspection criteria for the quality control of products
but also in enabling economical production. As a result, the vent door had 1.62° ~ 1.72° and the defrost door had 0.84°
~ 0.9° for the directly connected arms operating-type. For the lever connected arm operating-type, the foot door had
2.0° ~ 2.24° tolerance, while the tolerance values satisfied the air flow volume distribution rate criteria in the AHU.
Finally, the results have confirmed the design’s tolerance suitability by using 3-DCS analysis at the early design stages.
Reliability can be achieved by analyzing accumulated tolerance during the sub-parts assembly process and the moving
mechanism linked especially by arms, lever, and cam-shaft.

Key words : Air handling unit(3 7] +&#8]°&=]), Cam mechanism(7} & “&X]), Dimensional control system(X] 5>
A o] A]l2==]), Monte Carlo method(<E|7}& = %), Root sum of squares method(& A &%} 3149 H), Tolerance
analysis(3 2} 3l 4])
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Fig. 3 Tolerance analysis diagram of Monte Carlo method
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Table 1 Design tolerance of cam mechanism

. . Tolerance
Part name Qt'y | Dimension - —
Size Position
Case boss 1 @12 +0.1 +0.2
Lever boss 1 P12 +0.1 +0.2
+0.
Cam hole 1 @12 001 -
+0.
Lever hole 1 @12 001 -
Arm pi 2 3.0 +0 £0.1
rm pin . 0.05 .
+0
L i 1 .0 +0.1
ever pin ) 0.05
Arm slot 1 @5.1 +0.05
Cam slot 3 @3.1 +0.05 +0.1
+0
Door hole 3 @11 01 +0.2
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meter) ol A] A3 g gh-& AFE-SFA T 2 ATl =
A & iAol F7F ob B = g s A
= =4 gtk

Fig. 82 3|4 o] AME-H 37 Eulgx]<] 37 &
o ol 2k 4 Foff] 91X & YER L Jth
vio] Pl R =9 wff F7] T3 TolEo] RIS
B, fE WEF Tol= $3d3] @3] glojof sh,
o] AAYFo R Bdetnw, du WEF ot

i

o

!

| Base
2 3k, 4= WEF Sol= e ke s o
3 mohE B8 ko R 0.5° 1A o= 5 sk

A5 3T
Table 291 v}o] @ Z =0 A2 g2 2] 3

7] Bl o] BEE FFa 7F whakol A vl

H-&S e AT) o] F5 ofste]

Lolel vk Whgk ol f-g] WEk Eolrl FH ) 4.

A Wshe u) Ast S| AnE v, Tk weke

Air mixing
doors

Temperature
control doors

Foot

Evaporator Heater core

Fig. 8 Diagram of air discharge direction at AHU
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Table 2 Numerical analysis results of air flow volume and distribution rate according to door angle changes

Doors position deviation Base 1.0° 2.0° 2.5° 3.0° 3.5° 4.0°
it | Vent 156.9 159.0 159.8 160.6 161.3 162.1 163.4 164.6
I ((’n‘ﬁ /;()’ ume Foot | 724 70.0 69.4 68.8 68.2 67.6 66.3 64.1
Total | 2293 229.0 229.2 229.4 229.6 229.8 229.7 229.7
o Vent 68.4 69.4 69.7 70.0 703 70.6 71.1 71.7
Air distribution rate (%)
Foot 31.6 30.6 303 30.0 29.7 29.4 289 283
& AW 7.7 mh FEola, FH wjE vjES v Fig. 9% &7] &07dx] 9] 4= 3 Tolol digh
°F 433 % o] W& Kol o] Al TV T2k AT R, Eolo] HMEZte vlo] il e
TR o] EE T viiEE A 71590 £5.0 % Q1 A9 %] o] A A|AFEEO Z(CW) 1.76°, WEA A W
& WEekaL ok O F(CCW) 1.62° AE WEsla gleS &4 <l
o2 7] EwdA Y A A A, =, 2 o} & AR G5 A el A B 7] el o F At 3l
LolE o, U 2 Aol A 2§ FAE A Aof| o3t Fole] E5Y A r= AF Wk Lol
ste] Fab M A AIE 7] R A 7] F A 1.76° = A 5 o] Ak 3| Aol o3 A= vk
AL AE7] flste] olel 7] EulgA] Aol B% F33 F9mel vlus] 2 oF 3.3 m/het
2= Zbol| a1 8)i=3.0° e A 7 o] EfdgtA] o gl s) +1.4 %2 AA 2108 73] U deS o
o] A8kt =N
Lk 34 M o] Fagk AW F Slue A T
32 37| BHEAS] SR o4zt Aol vhske] 7k RFo] FpAw Qe FARe] Mg
321 o XX PE HiA|o| Zy| HHi A LS A8k o FEe] Ag) ote] £5d
3-DCS 9] &} 84 7] Eulx] 2] Zolr) o 7P B& d&FE Bol v ol & 5 3
=5 e el 24 F A 2 A4S 19 5t th= Aolth o] o} & Fabo] vt W17k A o
Atk WA o] oFS AH FEEtE WAl o2 F7) 2 Folo] E5Fo) 7P & AE vA= 54 5
of M= o] Y& ARE-aFA] oL bt A A4 ol tiate] AARTL o st 75l 5HA A4
ZolZ FE3teE Wolt) 2 A& Wk Tofet 3| FabE B oM REo] A& FH S
42 whek wolr) s ol Fde 4 A= Aotk

Fig. 9 Vent door 3-DCS analysis results of tolerance at AHU
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Runs 10000
Nominal(deg) 0.00
Mean(deg) -0.07
STD(deg) 0.56
6.00STD(deg) 3.37
LSL(deg) -2.00
USL(deg) 2.00
L-OUT% 0.03
H-OUT% 0
Tot-OUT% 0.03
Est.Type Normal
Est.Low(deg) -1.76
Est.High(deg) 1.62 -3.0STD
Est.Range(deg) 3.37 -1.76(deg)

+3.0STD
1.62(deg)

Mean
-0.07(deg)
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Fig. 12 Sensitivity results of defrost door tolerance
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Fig. 11 Defrost door 3-DCS analysis results of tolerance at AHU
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Fig. 13 Foot door 3-DCS analysis results of tolerance at AHU
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