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Abstract

The assistive technology is lack of sufficient fund in researching, and
evaluations of ergonomic engineers and machinery designers in Taiwan.
Presently, academic research works on stair-climbing mechanism and most of
them are still at the developing stage. Commercialized products are with
complex structure and high price so that they are not popular for the users. The
objective of this research is to+design the stair-climbing mechanism which is
expected to provide simply-Constructed; and precise in movement. This
research collects kinds of stair-climbing mechanism from patent and literature
for classifies and analyses that provides excellent references to design of future
stair- climbing mechanism.

Therefore, the problem is analyzed systematically to improve the stair-
climbing mechanism by innovation design. Making survey from the customers
through Quality Function Deployment (QFD). It is effective way to transforms
the product function and characteristic, so the problem can be found and
improved fast. Finally it will unify Theory of Inventive Problem Solving
(TRIZ), the method to improve creativity question. Using contradictory matrix
table to obtain design concept and suggestion that from various aspects will be
consider. Result of the research defers to the suggestion of TRIZ analysis, it
still has the further innovation improvement regarding the functional design of
stair-climbing mechanism. Using SolidWorks build the 3D model.
Furthermore, COSMOSMotion for kinematics simulation, COSMOSWorks 1is
used to analyze stress, stain, and displacement, so as to confirm the intensity of
the stair-climbing mechanism designed. This reserch use these methods to
design the stair-climbing mechanism. That use smaller motor than befor
stair-climbing mechanism to climing stairs. To design the new stair-climbing
can load 200 kg. The scale stair-climbing carry more than 70kg from 60kg
after mount the spring.
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TRIZ 39X39 4&*L o

S H
P 5 i - S g |2 3
Waorsening Feature T 2 2 = g [ L H e = e
& 2 | w. =) z 2 g = E B g
o | 2 >H | °E | oF | o | TE £ | B 2 4 38 ¥ |¢ |2 |3wm
£@ | @ g | 2= | = | E8 | E® | o, |8 |85 |- |EH |8, | ES |8 | 2. | 8. | 8
s | 2 2% | 585 | & & =% | ¥ | o | By | B S el | o | iE | S | B | 7%
EE | 5 By | 82 | & EE | 8¢ | $m |57 | sg | 4% |8 | E€ |5¢ |s5¢ | 8w | 5% | 25
s§ |20 |8 |20\ 3H | |:E|:D|77|E |; S |47 |58 35| % |2 |58
25 R | IR SE | SR sE | 2B g £ | & £ g® | 8% | F £
3 - N ’ : 5 | .
5 z 3 * 2 |8 i - 1
|r|||rr|rr e |1|||1||| T m _.m
— =
1 2 3 4 5 [ 7 2 ] 10 11 12 13 14 15 16 17 18 19
Weight of moving object i i 15, 8, 20, 17, 29, 2, 2, B 15[ 8,10, | 10, 34, | 10, 14, 28,27, | 5, 24, 6,204, 19,1, |35, 12,
HEGTEE 7934 38, 34 40, 75 38 16,37 | 37,40 | 35,40 18,40 [ 31,35 18 32 |34 31
Weight of stationary object I 10,1, 35, 30, 5, 385, 8 10, | 13, 70, | 13,10, [ 28, 38, | 28, 2, 2 27, | 2a, 19, | 18, 32,
MibierE & e 20, 35 1357 4 19,35 | 10,18 | 20,14 | 1,40 | 10,27 19,6 | 32, 22 35
Length of moving chject 8, 15, 15, s A7, 4, ) 17,10, | , o 2c|1.8.10.[1, 8,15 8. 35, o, 15, g, 3§,
R EE 208, 34 4 5 P, 8 4 158 29 34 | 20,24 @ 18 2 24
Length of stationary chject 3E, 28, e % 3, 8, g 1o | 114 [ 1314, |38, 37, [ 15, 14 110, | 3,38 |, o
MLGTEE 40, 29 I 10, 40, 44 1 a5 15,7 a5 | 28 28 & 38, 18 :
Area of moving object 2,17, 14,15, Y T, 2830 18,30, [ 015 | B2a [ 2 |3 1E [ NN RN .
AT 29, 4 18, 4 17. 4 4,84 | 25,2 |36, 28| 20,4 | 13,30 | 40, 14 ] 18 19, 13 ;
Area of stationary object 30, 2, 26, Tol, 1, 18, | 10, 15, T a0 2,10, | 25, 38,
ML BT R 14, 18 30 s a5, 35 | 38, 37 B 19,30 | 28
Volume of moving object 2,28, 1,7, 4. \7.4, of %, (15,35 | 6,35, [ 1.15, (28,10, | 8.4, | -, 34,20, | 2,13, 95
fod ofea-il. ki ] 28,40 35 17 28,34 | 38,37 | 36,37 | 20.4 | 1,38 | 15,7 | " 10, 18 10
Volume of m*mﬁ._a_..u_.___ ohject 35, 10, 19, 14 35,8, 2, 24,35 7.2, 25 34, nm._ m.h E“ 35, 34, 35, 8.4
BRI 5 AR 10, 14 14 35,40 [ 17,18 28
Speed 2,28, 13, 14, 29, 30, 7.29, & 13, |25 15 |28 33, [8. 3. 28] 3,19, 2a 20| 10,13, | 8,15,
oE 13,38 8 4 34 38,40 [ 18,34 | 1,18 i4 35,5 36, 2 10 | 25, 38
Forcellntensity 8, 1,37, 18 13, [17.18. | _ 16,10, | 1,18, | 15,8, | 2. 386, 18, 71.[ 10, 35, [ 35, 10, | 35, 10, 35, 10, 18, 17,
# 18 1.26 | 9.3s |2%10 5 |38 a7 |12.37|18 37 11 40,34 | 21 14,27 | 192 21 10
Stress or pressure 10.386. [ 12.20, | 36.10. | 35.1. | 10,16, [ 10.15, | 6.35, | . ., a5, 4 |25 32 |2.18. 3 [ 12,3 35, 20, 14, 24,
BB 37,40 [ 10,18 | 36 14 18 | 36, 28 | 3\, 37 10 b B 15,10 | 2. 40 40 a7 10,2 10,37
Shape 8. 10, [ 15 10, | 26,34 (13 14, |5, 34 4 L E 35, 10, | 24, 15. (RN 33 1, |20, 14, | 14, 28, 22 14 | 13,15, [2, 8, 34,
i8] 20,40 | 26.3 | 5.4 10, 7 10 15,22 [T 37,40 | 10, 14 ] 0,25 19,32 | 32 14
Stability of composition 21,35, | 28, 38, [ 13,15 f Z 11, g0 | 28.10.] 34,28, 10, 35, | 2, 35, 13.27. (39,3 [ 351 (a2 | . o
HEmEl 2,20 | 1.40 | 1.28 13 19,238 | 35, 40 21.18 | 40 10.35 (35,23 | 32 | 27.18 )
Strength 1,840, 40,26, [1.15,8.[ 15.14, | 2,34, | 0,40, |10, 15, | 2,14, 10,18, | 10,3, 27,3 o0, 19
HE 18 7.1 35 |(28.26 | 40,20 28 14.7 | 17,15 3,14 | 18 40 26 i} iy 10
Time of action of a moving chject 19. 5, 5 10,9 3. 17, 10, 2. 18, 2, 19.3, [14.28.| 12.3. | 27.3. [B 18, 35, (2, 18,4, 28, 6.
R O 24,31 s 10 13, 30 18 37 | 28,25 | 385 10 a0 35 | 25.18
Time of action of a stationary object 6. 27, 1,40, 35, 34, 34, 3, 18, 18.
T R 19, 16 35 ag a5, 23 36, 40




i Temperature 28,22, | 22,25, [ 15,10, [ 15. 18, a5 2g | 3438 | 3e g 4| 2.28. (35, 10.[ 35,30, [ 14,22, | 1.35, | 10,230, | 18, 13, | 18, 18, i *.
-1 g, 28 az g g g 40,18 |77 28,30 | 3,21 | 19,2 |1o0.22 | 22 | 2240 3@ | 35 .40 [N
Brightness 10,1, | 2,35 | 10,32 2,13, 10,13, | 28, 19, 3ii 3z, 3, S a2, 25,
b =E 3z a2 18 10 12 5 ARty |AS-lREARE 19
19 Energy spent by a moving object 12,18.2 12 28 35,13, 8,35, |16, 26, | 23, 14 12,2, |19, 13, |5,19, 9,| 28, 35, - 18, 24
FEBHEFERE 2,31 i 18 35 31, 2 25 28 [47.24| 35 &, 18 3, 14
20 Energy spent by a stationary object 19,8, 8 ag a7 :Mﬂ. uﬁ a5
LT HEEE 28,18
= Power 1o 3a | 17-32[ 3.8 1 20,8, [15.35.[ 25,2, 22, 10. [ 20, 14, [ 35,32, [ 26,10, [ 18. 35 i 2,14,
Tha g 12,28 | 38 25 2 28,35 | a2 2.40 | 15,31 | 28 | 10,38 17, 25
Loss of Energy 1 S I, | : .| T8 L, 16.35 14, 2, s 10, 28
22 i 1 G, 38 7 17 30 8 a3 T a5 35, 38 30 8 25 -
a5 Loss of substance 35,6, | 35,8 (12,20 10, | 352 |10,18.| 1,20, [ 2. 20 [10.13. (14,16, 3,38, | 20,35, | 2.14, | 36,28, 28 27. [27.18. | 21, 28
thEEE 23,40 | 22,37 | 10,30 | 28,24 | 10.31 | 39,31 | 20,36 | 18,31 | 28,38 [18.40 | 37,10 | 2.5 [20.40 | 31,40 3,18 [ 18,358 | 39, 31
24 Larss g Iskoumatzon 10.24.110.35.| y 24 | 28 | a0.28 |30 18 2.22 | 28,32 10 10 12
REWEF g | B
S Loss of Time 10,20, 10,20, [ 15.2. |20, 24, |28, 4. 5.] 10, 35, |2, &, 24,| 35, 18, 1037, |50 g q| 4 10. | 35,2, | 20,3, 20,10, (28,20, | 35,28, | 1,18, (35,38,
B Ew 37,35 | 26,5 2 14,5 18 17, 10 ) 32,18 385 ‘W7 34 47 | 22,5 | 28,18 | 28,18 | 10.18 | 21,18 | 28,17 [ 10.18
Amount of substance a5 6. | 27.28, [ 20,14 15, 14, | 2 480|520, a5 20 |35 14, | 10, 38, 152 436 | 335 [ 335 [ 317, 34, 25,
X bl =g % 1 18,31 | 12,35 [ 28, 18 20 4005 20 an o 3 14,3 |21 [ 17,40 | 34,10 | 10,40 | a3 a0 16, 12
i Reliability 3,8, 10,3, 10,8,] 15,8, |15, 29, | 17, 1q. 22735 |@alin, | 2, 35, [a¥as, | 8. 28, a5, 1, 11,28 [235.3,[34.27, | 3.35, [11.32, |21, 11,
LIF. i 40 28 14,4 | 28,11 | 14, 98| 408 | 34,24 | 87| 128 10,3 16, 11 7 2 g, 40 10 13 | 2718
i Accuracy of measurement a2 35, | 28,35, |28, 25, | 32, 28, | 26.28/( 26, 28, | 32913 28. %P ., , [ .28 | 6.28 32,35 | 28.8. [ 28.6. [10.26,( 6,19, |4 , nsla g 32
i 28,28 | 25,28 | 5,16 | 3,18 | 388 | 3@ g 32, M : 32 az 12 az az b e . T o
Accuracy of manufacturing 22,32, | 28,35, | 10,28, | 2,32, | 20988, | 22043203, 125 A0| 10.28 [ 28, 18, T =0T i e e |7 L
& BT 13.18 | 27,9 |28.37 | 10 | 28.32 | 18,34 ] 35 a2 | 34 38 | 3% - [ 24 40 YhER | e | B
Object-affected harmful factors 22,21, 2,22, | 17.1 2800\ | 77 imha2i a0 B B 21. 28 Mlwi 2. 35, | 22,2, |22.1.3.] 35 24, 22,15, | 171, [22.33.| 1,10, | 1, 24,
= HEREET 27.30 | 13,24 | 20,4 | V"8 | 29958\| 20 35! [ 37,95 [ushar {35 28 Ym0, 18 | 7 35 [a018 33,28 | 40,33 | 35,2 32,13 | 8,27
4 Object-gensrated harmful factors 19,22, | 35,22, [ 17. 15, 17,20 N2 A [TA7. 2, | 30981 25728, 135, 28, [ 2.3, [ . [35. 40, 15,22 (21,38 22,35 [18.24. [,
Bi{Emd 1.30 | 18,22 12,39 | 40 40 354 [0 | 1,90 | 27,18 | T 27,30 a3, 2 |16.22| 2,24 | 30,32 |77
Manufacturability .27, [ 120 |15.17.| 13,1, (&£ 13, 20, a5, 12 1,28, [11. 13, S _ | 27,25, | 28,24, | 28, 28,
a2 B EE ag, 12 | 13, 27 | 28,12 | ¥ Py mm gy |9 13, 27 1 i el 7.4 | e
=2 Convenience of use c11 1,17, 1.17, [1818. | 1 e | 998, | 18,13, | 28,13 | 2,22, [ 15, 24, [ 32 385, 20,2,8| 1,18, [26,27.[12.17. | 1,13,
fE R {EH] 25 | 13.12 13,18 [ 15,30 | 35,16 | 39,31 [ 34 g 12 | 28,28 | 3o 25 25 3 1,24 24
Repairability 2,27, | 1,28, [ 2,18 [ 1513, ] , 25, 2, el LT s sl 11, 29, 15,1, | 15,1
34 B it a5, 11 [ 10,25 | 31 az 8.2 [ 3 44 ! 19 10 s 4 #.38 28, 27 : sl 13 | 28,16
e Adaptability 10,15, 35,1, | 1,35, [35.30. | _ . [15,35 310, [15.17.] .. . [15.37.[35. 30, 1311, 4 [FF23] 6822 [1=.38
e E 29,18 | 20,2 18 2.7 | ™| =0 14 20 ; 1,8 14 a5 & a5 26,1 | 20,12
s Complexity of a device ; 2.28 [ 1,18, [ 14,1, % #.28. | | . E,._.:_. Ao 19.1, ]28.13.1 2.22 2 10,4 2z _:_4. Er_u. mu M1.
SR 34 35 | 35 320 | 28, 24 13,18 & 75 3% |z 45 |17.18| 3 28, 15 3 13 | 20.22
it Complexity of control 27.26,| 8,13, [18.17.| g 2,12, | 2,30, [20.1,4| 2 18, [3.4.16.| 20,28, | 26,238, [27.12, [11, 22 | 27,3, |10.20. |25, 34, | 2. 27, | 2.2 35 38
SR 268,13 | 28,1 | 28,24 12,17 | 20, 18 16 | 26,31 35 |40.10| 37,32 | 1.30 | 20,30 | 1528 | 30,25 | 6.35 | 3518 | 26 !
Level of automation 23,26, 28,28, [14.13. | ., |[17.14 35, 13, . ae | 1832 c 5 - 26,2, | 8.3z | 232
i EEiEE 16.25 | 35,10 [ 1728 | 7 13 18 PR [l [P e | TR e N 1 12 13
i Capacity | Productivity a5, 28, | 28,27, | 18.4, | 30,7, | 10,26, | 10. 35, (2, 6. 34.| 25, 27 28,15, | 10,27, | 14,10, | 25,2, | 20,28, 25 10, (20, 10, | 25, 21. | 26, 17. | 25, 10,
8D 2437 | 153 | 23238 | 14 26 | 34.31 | 17.7 10 10.2 10.36 | 14 (3440 (222301018 ]| 218 | 1638 (2210 101 (238,10
1 2 3 4 5 & 7 g ] 10 1 12 13 14 15 16 17 18 19
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T
T o
& ] 5
- 1 | |3 |3 : .
= @ = = B &=
z s |8 g E |E (% |5 |5 |8 £ |5 |5 |3
§ I 5 E O A |E XS ele | taltal BB
BE | g | BY mm.m .mﬁ 2 £ - 2w | Em | 5. | 8 S | By (B, | =2 ¢ | g =
EARTHR T mwm SB |55 |38 |22 |f2 |8 |2k 2B |53 |85 |32 | 3% | 3B |3E| 8% | I3
2L | 2R | B g | EE | WE (5% (25 |3 <#l |3 | 25 | & 5w it mmm om | EF | 25 | N
B3 | & willl | BE | sW | ek | =F | ZF 9 58 | 2% 5] ca | 3 = BE | B | 2™
= 5 & o &= £ ® oy P M c 3 g o B 28 | =1m &
[= W bt u = M = ﬂ ....nu._ = = = o L = = m (=]
- 5 | & g 5 g 7 g | = 3 g E | 3 2
d < g 2 b 2 = 5 o i
g < |& |2 |8
g =] 5
L
20 21 22 23 24 25 25 27 28 25 30 3 32 33 3 ah 36 ET a8 39
2,36, |8, 2,34,(5, 36,3, 10,24, | 10,35, | 2,28, [1,3.11,|28 27, | 28,35, | 22,21, | 22,35, | 27, 28, |36, 3, 2,| 2,27, | 28,5, | 256,30, gelar-m 20, 35 | 35, 3
18, 31 18 31 a5 20,28 | 18,3 27 A5, 26 | 26,18 | 18,27 | 31,38 1, 3G 24 28, 11 16,8 | 38, 34 pramer 18, 18 | 24 37
18,18, | 15.18, | 18 18, |5, 8, 13, 10, 15, [ 10,20, | 18,8, | 10,28, |18 28, | 10,1, | 2, 18, G2, S50 4 0 6,13, 1, 2.27, (18,15, | 1,10, | 26,28, | 2,28, 1,28
28.1 18,22 | 28,15 30 35 35,26 | 18, 28 g3 28 as, 17 | 22.E R =38 7 4 32 28,11 e} 28,38 | 17,15 as 156, 35
1,35 7.2,35,| 4,28, 1,24 15, 2, 29, 35 _m. 14, | 28, 32, | 10, 28, |4, ﬂm. 1715 _.Wm. 15, 29, -...... , | 14,158, ] 1. _:m. a5, 1, 7,24, :Iw
38 23,10 28 28, 40 4 20, 3T A7, 24 17 325, 4 10 1.16 | 28.24 [ 25.24 | 28,18 | 28,28
10, 28, 30, 28 15,29, | 32, 28, | 2,32 16814 - 30, 14,
12 2 . 24,2 Sk T % B | 2\ 3 1,35 .20 i 3
12. 8 8. 28 24, 35 24, 26, i 72 4 10 1, 18 a7 2 3 1,2 28 - e
8, 10, | 15,17, | 10, 35, | _ 28, 30, 28, 28, 2R (VA ONGI TN | 15, RS 15,13, 14,1, | 2,36, | 14, 30, | 10, 28,
- 0 [
32,18 | 30,26 | 2,38 MR e 8.13 A 32.3 B [ 28,10 L1838 20,24 | 13, 18, 10,1 s 13 26,158 | 28,23 | 3.2
17,7, | 10,14, 10, 35, | 2,18, | 32,35, | 26, 28, | 22D 22 221 i 1148, | 2,38, .15
a7 59 Tor e ' { ' d ' ' v ' el et , 4 18 £ 1 = o 23 {
i 30 18, 39 015 4,18 40, 4 40, 4 32,3 | 18730, | 30.|95 47 Loy %1 14 38 30. 18 i .
35,8, | 7.15, | 38, 38 3 27 2.8, 34,| 26,30, | 14,1, | 25, 28, | 25, S8, 22, 21 ||| TERZSNEZE4 Np 150 18, 10 1526 | 28 1 28, 28, | 35, 34, 2,
13,1 13,16 | 34, 10 i 10 ¥ 40, 11 28 2,16 7,38 | 40,1 40 0072 e = 4 18, 24
an. 8 10, 38, A5, 18, 15, 3 2, 35, 38, 10,4 340a39, | 30,18, ag 1 1,21 217, 35, 37,
35, 34 32 18 18 25 18, 27 a5, 4 28 10, 2
18, 35, | 14, 20, | 10,13, 13 28 10, 18, | 11,35, (28,32, | 10,28, | 1,280 ) 2 @90 85, %43, | 32, 28, | 24,2, | 15,10, | 10,28, | 3. 34, 1018
38,2 | 19.35 | 28,38 | iEr 29,38 | 27,28 1.24 | 32,25 | 365,23 | 3B, A 8.1 13,12 | 28, 27 28 4,34 | 27,16 i
1,18, | 18, 35, 1415 8, 25, 10, 37, | 14, 28, | 3,35, | 35,10, | 28,28, | 1,35, 13,3, | 15,37, (1,28, 3, 15,1, | 15. 17, | 26,35, | 36, 3T, 2 15 3,28
36, 37 | 18,37 J 40, 5 38 18,368 | 13,21 | 23. 2 37,38 | 40,18 | 35. 24 18, 1 2 " 18,20 | 10,18 | 10,18 e ag8, 37
10,35, | 2, 368, | 10, 38, ar, 38, | 10, 14, g, 28, E 222, | 2,33 1, 35 . = 3 2,38, e 10, 14,
14 i} 3,37 4 36 5 hid ar 27.18 L] i E & i .24 35,37
35, 28, 14, 10 10, 40, | 28,32, | 32,30, |22, 1, 2 1,32, |32,15 1,18, | 16,29, | 15, 13 16,1, |17, 208
4,6, 2 14 ! W i | B i o i et e, LY, | Ee ] e 2 | : : T !
3.8 A7 18 1 40 a5 7,28 28 2d 1,28 35 a2 3410
7.4, | 32,35, | 14,2, | 2.14, a5 o7 15, 32, i 18 38, 24, | 35, 40, 32, 35, | 2,35, | 36,30, | 2,35, |36 .22 18 35 23, 35,
29, 18 T3 38,6 | 30, 40 S 35 3 30,18 | 27, 38 30 10,16 | 34,2 [ 23,26 | 38,2 "7 40,3
5, 28, 29, 3, g, 10, 7 . | 1535 11,3, | 32,40 7. 11 e T o | B 28,
a8 10, m.w. 25 ,m.,. 28 2% u. Maﬁ..l _— m..- 7, 3,37 _mamm_ 38, 1, d m 27, _m:w r _m. 3 15 35,
35,28 31, 40 28,10 7 18 a7, 23,2 | 10,32 | .25, 2 3 32 25,28 | 15,40 10, 14
19, 10, 28, 27, 20,10, 3,35, 11, 2, 327, 122,15, | 21,38, | ._ o 28, 10, | 1. 35, 10. 4, | 18, 28, " a5, 17,
- 10 & I 3 = 27, 1.4 12,27 15 s o G, 10
35,38 3. 18 28,18 | 10, 40 13 16,40 | 33,28 | 18.22 27 13 28,15 | 38, 35 14,18
I 27,18 28,20, | 3,35, (34,27, 10,28 17.1 . 25, 34 20, 10
: ] e ] L . 5, 10 1 2 i :
1 18, 38 1 10,18 3 &, 40 24 40, 33 2 At 3 = 8. 35 1 16, 38




214, |21, 17, | 21, 36, 35.28,[ 3,17. [19.36. [32.10.] ,, [2233.[22.35.] 5z o7 [19a o7 |+ 10 | 2.78. [ 2.97. [ 2.27. [ 26,2, [15.28.
5 | a5, 28 | 20, 31 21,18 | 30,38 | 310 | 24 35,2 | 2,24 . . 18 27 16 | 35 31| 19,18 £
32, 35 13,18, | . R ETEN 11, 15, o [T 35, 19, | 19, 35, | 28, 28, | 15, 17, | 15.1. | 6. 32, | .. 2,26, | 2,25,
R it T | R | gt W az | ¥ | o aa|2s2e| 19 |13.18] 18 13 2181 g 18
6,18, |12, 22, | 35, 24, 35, 26, | 34,23, | 19, 21, | . . R N 1,15, | 15, 17. | 2, 28, - _ |1z 25,
) 37,18 | 15,24 | 18,5 19,18 | 18,18 | 11,27 [* 132 P e %35 | 47 25 | 12,18 | 27,28 [ 338 | 322 £
; 28, 27, 3,35, | 10, 38, 0.2 [ez2] .
I 18, 31 21 23 23 37 | 18 : :
AT EEaEE 32.15.| L, , | 19.22. | 2.35, | 26,10, | 26,35, 78, 35,
"~ | @ |1a.m : 10,8 18 2 : 3,2 | 18 24 10 34
35,27, | .. 10,18, | 7,18, | 11.10. | .. 21, 22, | 21, 35, a5, 32, 28, 10,
%98 i vy | ] oy 25 35 . 35,2 | 2 22 1 20,35
28,27, [28.27. 35,27, I 15, 18, |6, 3,10, 10, 29, [ 16, 34, [ 25,10, | 33.22. | 10, 1. | 15, 24, [ 32, 28 28, 35,
12,31 | 18,28 | 2,31 a5.10| 24 | 35,35 [ 31,28 [ 24,31 | 30,40 | 34 10,23
10,18 | 19,10 mr.___”_. 35,33 | 25 _w._mm._
35, 20, | 10, 5. | 25, 18, 35, 18, e |18, 28, | 24.28
! i0,6 | 18.32 | 10, 39 34 35.28 | 8.20 | 49 10 | 35,30
335 | . |7.18 [6.3.10 35,38, .32 | 15.3, | 3,13, | .27, | _ . |13.28
29 £ 24 P9 10,25 | 20 |zr.10 2018 = 3,27
agoay 2 10, 35, 27,25, poqg | 1235, [12.38, [27.40, [ 11, 13][ 1,38,
; 28, 21 20, 38 2,40 5. 24 1 28 27 | 20,38
S 10, 16, 30, 24, |2 33, |(B135, | 1002.| 1,32, | 13, 35, | 27. 35, | 26, 24, | 28, 2, | 10, 34,
i 31, 28 28 26-lgath 10 | 25044 | 17, 13,11 2 10,34 | 32,28 | 10,24 [ 78, 32
i g, 21, 26, 250 2017, T mip 26, 2, 28, 28, | 10, 18,
10, 24 : 10,26 | 34,28 5,28 18 18,23 | 32,38
10,2, | 18,22, |21, 22 [ 33,22, | 2210, |35, 18, | 36, 33, | 27. 24, | 25, 23, | 26025, [ o435, | 2, 25w 35, 10, | 35, 11, | 22,19, | 22, 18, | 33, 3, | 22, 35,
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airclimber operation guide

S

*NB - This machine is only to be operated by trained personnel.
To go upstairs:-
|. Insert the key. Check that the battery level is sufficient for operation.

2. Check that the incline of the steps to be climbed is not too steep - use the
inclinometer. If the arrow is withinthe gréen area the steps are manageable.

3. Position the climber so that you can safely manoeuvre the wheelchair user onto the
platform. You will need to reverse-the wheelchair, pushing it from the front.

4. Put the climber in the park position - the lefi-hand white switch pushed towards 1,
so that the climber can’t move backwards. L.ower the ramp. from the front.

5. Carefully push the wheelchair user up the ramp making sure that it doesn’t go off
the edge of the platformyEngage the brakes on the wheelehair. Attach the four blue
straps, two at the front sidés and fwo at the rear, to thé wheelchair to ensure that it
cannot move, Put the safety belvaround the wheGlehair user through the sides of the
chair.

* NB If the safety belt is not connected the machine will not operate.

6. Adjust the headrest so that it is in a comfortable position for the wheelchair user.
This will be important when going up and down stairs,

7. Put the climber in the move position - the left hand white switch pushed towards 0.
You can now push the climber on its wheels into a position to ¢limb the stairs. To go
up stairs the wheelchair user will be facing backwards, i.e. you will be approaching
the stairs with your back to them, to go down stairs you will be facing forwards. i.e.
the machine is in the same position for going up and down stairs. Make sure that you
are square on to the stairs and that there is enough width available, for instance a
doorway at the top of the stairs.

8. Explain to the person vou're moving what is happening at all times. They may not

have used such a climber before so they will need reassurance that they are safe.
Information and communication is a good way to achieve this.
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9. Press the incline button (up) on the left of the control panel so that the chair tilts
backwards. Keep the button pressed until the platform is fully tilted. It automatically
stops at the correct point.

10. Set the button on the right of the control panel to go up.

I'1. Simultaneously press the two white buttons on the handles to operate the machine.
If the machine does not move check that the power is on, the reset button released, the
platform is fully reclined and that the safety belt is connected. As soon as you release
the buttons the machine will stop moving. The tracks will lock and so the machine

will not move.

12, At the top of the stairs or at a landing, stop at the appropriate point (marked on the
platform) and pivot the machine so that it is flat on the ground. There is a little latitude
to this and it will vary with the weight of the chair and person on the platform. In the
correct position the machine will easily pivot, if you go too far the machine will fall
suddenly which will be shocking for the wheelchair user. If you stop too soon then
you will not be able to pivot the machine without great effort and strength. At the
correct point it will be easy.

13.Continue operating the machine until.it is in a safe position to lower it, unless the
next stairs are very close by in which case the miachine can be wheeled to the next
stairs.

14. Press the incline button {down)-on the left of the control panel so that the chair
return to the horizontal position.-Keep the button pressed until the platform is fully
level. It automatically stops at the correct point.

15. Put the climber in the park position= the left hand white switch pushed towards 1,
so that the climber can’tmave backwards. Lower the ramp from the front, release the
safety belt and straps. Release theawheelchair brakes‘and help the wheelchair down the
slope.

To go downstairs:- The instructions aré the same as above. At the top of a set of stairs
or at a landing the you will need to stop at the correct point and pivot the machine
downwards.

The machine can climb about 600 steps when fully charged. Please contact the
Disability Office for further advice and information.

DISABILITY OFFICE University of Oxford
E-mail: disability@admin.ox.ac.uk Equal Opportunities
www.admin.ox.ac.uk/eop T

&

)

Tel: 01865 (2)80459
Fax 01865 (2)80300
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4k C

RIZ ]

< AP S B R o < Divide an object into independent parts.

> - BHrEE L ITE < Make an object easy to disassemble.

> WA R B eAR R o < Increase the degree of fragmentation or segmentation.

fE 2

> - BT AN HIN 4F | > Separate aninterfering part or property from an object, or single out
Mo A FHBET - BRI the only necessary part (or property) of an object.
(E“iff*f'kt) °

PR

- B MOFE ST IR R 0 se% | <+ Change an object’s structure from uniform to non-uniform, change an
hImenTR g (2 R %f‘?‘) A external —environment (or external influence) from uniform to
B non-uniform.

> RBPROEINL AR j’fi i iF® T F | < Make each part of an.object function in conditions most suitable for its
i® o operation:

< @RI RaE RN B 3 A e 7- B2 kX | < Make each part of an object fulfill a different and useful function
§ %

R4

> RSP R AR T O <~ Change the shape of an object from symmetrical to asymmetrical.

S o drk - B A HH T o | > If an object is asymmetrical, increase its degree of asymmetry.
*EHR -

25

> BéipRApiuPit . wigF4pk 4P 2 | & Bring closer together (or merge) identical or similar objects, assemble
e ER T (TITE o identical or similar parts to perform parallel operations.

< RITERFAITARFFEEB TR | < Make operations contiguous or parallel; bring them together in time.
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F 12 6

> #- ﬂ%#ﬁﬁﬁé¥§$t§52$%f? 5 I8 7 :ii“f Make a part or object perform multiple functions; eliminate the need for
Rt enET & o other parts.

RIET

> FPIPIRIZEFIBIMAEY - B Place one object inside another; place each object, in turn, inside the
e o other.

> RPR- AW EY - BIMASFITH o

Make one part pass through a cavity in the other.

}‘;7/.:8

S HATEE A (o T BF)DE E {17 6
Bo B RREE S e

SR g gt S (b T A
£)0 MV HMEART (7 (bldoit ¥ R
BRE S s )

To compensate for the weight of an object, merge it with other objects
that provide lift.

To compensate for the weight of an object, make it interact with the
environment (e.g. use aerodynamic, hydrodynamic, buoyancy and other
forces).

L
S Ak - BREDEREALF LT ERT [T it will be necessary-to do an action with both harmful and useful
gk 0 AR FE R TR G F ik effects, ~this action should be replaced with anti-actions to control

mac

}i—ml 1F}"@’5

harmful -effects.
Create beforehand stresses in an object that will oppose known
undesirable working stresses later on.

S EREAG Y inE DA
ARG o

S T RT R RR R PN A [ P
Foie§ Bings o

2ok se (2

Perform, before it is needed, the required change of an object (either
fully or partially).

Pre-arrange objects such that they can come into action from the most
convenient place and without losing time for their delivery.

Rl

4 _gpgﬂfi-;}ﬂ—%uf@%;}gﬁﬁ f;.']“iﬁﬂi
P oo

Prepare emergency means beforehand to compensate for the relatively low
reliability of an object.

BRIz 12
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FIET I
E%%ﬁﬁ””ﬁiié
A MR ) -

In a potential field, limit position changes (e.g. change operating
conditions to eliminate the need to raise or lower objects in a gravity
field).

BRIz 13

> FEelF(FE) URARRE(Hdo:e | < Invert the action(s) used to solve the problem (e.g. instead of cooling
begvm bl fr— B o an object, heat it).

< 1% VIR (N IRIR B )F 20 @ B2 | < Make movable parts (or the external environment) fixed, and fixed parts

> T e o movable.
<> ﬁ_«fﬂ’é‘é’( ARG ) o < Turn the object (or process) ’upside down’.
2 14

- R T fe. Mete o koo A5k > @ | < Instead of using rectilinear parts, surfaces, or forms, use curvilinear
Pl AR ET e Pl e o0 RIS ones; move from flat surfaces to spherical ones; from parts shaped as
hg o a~cube (parallelepiped) to ball-shaped structures.

> BRI WO FIAETE - < Use rollers, balls, spirals, domes.

< R TERE N E R o @ e 4 o < Go from linear to rotary motion, use centrifugal forces.

RI2 15

> O ARTFEET- BRE H G R IREB | < Allow (ordesign) the eharacteristics of an object, external environment,
AR AR M AL T P e F gk (T IE or process to change to be optimal or to find an optimal operating
E condition.

< P BERML RS T BaRL o < Divide an object into parts capable of movement relative to each other.

oAk - RS HER)LEA S B | < If an object (or process) is rigid or inflexible, make it movable or
Me, BT FHEFNAF o adaptive.

R 2 16

o ek XBfRASFEMEZE A2F | If 100 percent of an object is hard to achieve using a given solution
g Pl PR fIr THS & T 3 e method then, by using ’slightly less’ or 'slightly more’ of the same
T2 PRIV % % mﬁ'*#— o method, the problem may be considerably easier to solve.

R 17

> ERLi-BAzaaorFES <~ To move an object in two- or three-dimensional space.
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> Gk év’ﬂ,f‘%ﬁén”v sLH R o < Use a multi-story arrangement of objects instead of a single-story
arrangement.
< AR 15’— 1P o < Tilt or re-orient the object, lay it on its side.
> BEFEOY -5 o < Use "another side’ of a given area.
R 18
T R- BRHIRE S FRE < Cause an object to oscillate or vibrate.
> W Aev aEF(E IR E) < Increase its frequency (even up to the ultrasonic).
< B EIRAES < Use an object’ s resonant frequency.
< RERTIRFED D AIPREHE o < Use piezoelectric vibrators instead of mechanical ones.
<> G ERF AT BT TIRYT o < Use combined ultrasonic and electromagnetic field oscillations.
219
<> el eniTde oo s L iR & ﬁ”‘\ir%'l“ii’ < Instead of continuous action, use periodic or pulsating actions.
T o <~ If an action is-already periodic, change the periodic magnitude or
< dekfAde SHIL O TR <) frequency.
Jﬂ"ﬁfﬁ;{ o <~ Use pauses between impulses to perform a different action.
<> ‘flj'*fhl?\:‘ m%‘ﬁ%ﬁl&ﬁ“*{ﬁﬂw T o
B2 20
> G FRFIIRE - B L I | ¢ Carry on work continuously; make all prts of an object work at full load,
P g ena 1 o all the time.
<> FRE2IFE S F P Fehfrdota v o < Eliminate all idle or intermittent actions or work.
m ol
<> Bk e T - BEAR T!f“ w43 (& | < Conduct a process , or certain stages (e.g. destructible, harmful or
e B 3 TR K R E) o hazardous operations) at high speed.
I 22
> HRF AT EGFNWEAERZ Y B3 £ | < Use harmful factors (particularly, harmful effects of the environment
) 'U%. 4F e g o or surroundings) to achieve a positive effect.
< Eliminate the primary harmful action by adding it to another harmful

> P EANG TR - BT % 3

ﬁ;fi—ﬁe %E °

action to resolve the problem.
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S G I R REITAEG T - | < Amplify a harmful factor to such a degree that it is no longer harmful.

R 23

> HEorwa (3 MR AP %) ikiE | & Introduce feedback (referring back, cross-checking) to improve a process
WEAL (TH o or action.

o drk e @R w AR T hL ) E\"f;}‘ < If feedback is already used, change its magnitude or influence.
B

32 24

<> RO %ﬁé“—‘ﬁ R & e iB AR o < Use an intermediary carrier article or intermediary process.

> WEEE A V- B o < Merge one object temporarily with another (which can be easily removed).

RIZ 25

> - BIFrHEEH T H N ok AR | Make an object serve itself by performing auxiliary helpful functions.
7% o

TR ER (RFA) HEko kA | & Use waste resources, energy, or substances.
i

YL

< % 1A - BaEZIED > BF 0 %t | < Instead of an unavailable, expensive, fragile object, use simpler and
MoR* {HEfAR RS- 1nexpensive copies.

> Sk F g AP - B A AR o < Replace ‘an object, or process with optical copies.

< Ak kER A AR > EBI RS | < If visible optical copies are already used, move to infrared or
dﬂz b (R Lo A2t LR en ultraviolet copies.
*E)

3 27

> FRB D BB - B EHF P | > Replace an inexpensive object with a multiple of inexpensive objects,
o LR L (DR E ) o comprising certain qualities (such as service life, for instance).

2 28

< MR E (Blde L > B R E & F) | < Replace a mechanical means with a sensory (optical, acoustic, taste or
BN R o smell) means.

- RFPFTHOBHFNUE LRI LI T | < Use electric, magnetic and electromagnetic fields to interact with the
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* o

object.

> EEF BRI AR 0 R BT | & Change from static to movable fields, from unstructured fields to those
B having structure.

> #F s T edEiEr g3 (Bde | & Use fields in conjunction with field-activated (e.g. ferromagnetic)
BElt) s R kA o particles.

=12 29

< R F IR BN FHRINA (B4 | & Use gas and liquid parts of an object instead of solid parts (e.g.
B LR o B REBEA O RE inflatable, filled with liquids, air cushion, hydrostatic,
&) e hydro-reactive).
72 30

<> € M B e 2 e M - | & Use ‘flexible shellsiand thin films instead of three dimensional

structures.

> EPEEIE R e R B IE | & Isolate the object from the external environment using flexible shells
oo and thin films.

12 31

> - BRI Jﬂ" # 4 3t eh~ % | <> Make an object porous or add porous elements (inserts, coatings, etc.).
(FEr> k%)

< Aok - B G AT Y K- | < If an object is already porous, use the pores to introduce a useful
A * e %‘f*ﬂ i oo substance or function.

F 32 32

<> - Bk E‘Jﬁli P IRIE B EE <~ Change the color of an object or its external environment.

> - BrHAFH BRSSP R - | & Change the transparency of an object or its external environment.
2 33

<> ® e B e A 3 E o (& j * 40 | & Make objects interacting with a given object of the same material (or
fF M el ) o material with identical properties).

12 34

<> # "f R H R IRe Pt (B R RN & | & Make portions of an object that have fulfilled their functions go away

BFYR ) AF T/ = ?JIZ BT 0 o

(discard by dissolving, evaporating, etc.) or modify these directly
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during operation.

< EREALEFRY K ewiiciHET 4+ a3t | < Conversely, restore consumable parts of an object directly in operation.
> o

F 12 35

> ¥ - B kL (K4S 8 > | < Change an object’s physical state (e.g. to a gas, liquid, or solid.)
Al N EE) o

> B ERABAR <~ Change the concentration or consistency.

YAES & XA < Change the degree of flexibility.

< AR <> Change the temperature.

12 36

> it Ap i gH T2 Rk (KA % | & Use phenomena occurring during phase transitions (e.g. volume changes,
b~ FfE g N HTR ) o loss or-absorption of heat, etc.).

B 37

< U e E R (B ek 5 ) o < Use thermal expansion (or contraction) of materials.

< drEAEPRT AR F s R ’** 7 e EOE % 2 | < [f thermal expansion is being used, use multiple materials with different
Boerdg £ HfL e coefficients of thermal expansion.

2 38

> O PRHRIFEHIELTF < Replace ‘common air with oxygen-enriched air.

> FAF FTHBIERF G O < Replace enriched air with pure oxygen.

- RFRFF MG A e <~ Expose air or oxygen to ionizing radiation.

< B T AE < Use ionized oxygen.

<> * L3 (RH)THI o < Replace ozonized (or ionized) oxygen with ozone.
2 39

<> MR PR L TR < Replace a normal environment with an inert one.

S e BRI ARG et - B4 | < Add neutral parts, or inert additives to an object.
?oo

F 12 40

- BEAEGFE(FE )MPEERNE - Lo ‘ < Change from uniform to composite (multiple) materials.
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7 Matlab A2 58 #-DE (A H) A3 b & BFSES ~HAE id B

MG AR N TR EHULERET C BAN ST RET > beid

function stair climber(theta,R,L,omega)

if nargin<4, omega=1;end;

deg=pi/180;

theta=theta2*deg;

LL=2*L;

sinx=sin(theta);

cosx=cos(theta);

x=R.*(1-cosx)+(R.*sinx)."2./LL;
V=R*omega.*(sinx+R./LL.*sin(2*theta));
A=R*omega*omega.*(cosx+R./LL.*cos(2*theta));
plot(theta,x,'k--",theta,V,'g',theta, A,'r:");

grid on;

xlabel(' & R");

ylabel('i=# (2. & 5), i# & (& FAR), ik (= gR));
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