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Optimization design of throwing device based on TRIZ theory

WANG Cheng-jun'?, ZHANG Yu-ping’, SHEN Yu-zhe'?
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Huainan 232001, China; 2. School of Mechanical Engineering, Anhui University of Science
and Technology, Huainan 232001, China)

Abstract: Aiming at the problems of insufficient working height and low rescue efficiency of external rescue equipment in high-rise building
fire, the fire distribution characteristics and rescue difficulties of high-rise building were analyzed, a new type of external rescue system in
high-rise building fire was put forward. The cause and effect axis analysis diagram of the throwing device used in the rescue system were es-
tablished by using TRIZ theory, and the shortcomings of the throwing device were determined. The technical contradictions involved in the

«

system were analyzed and solved by the “principle of contradiction solution” , the design of the rope retractor was optimized with the aid of
the “object field model” , which improved the safety of the throwing device. Finally, the stress and deformation of the hook in the throwing
device were analyzed and verified with the help of ANSYS/workbench finite element analysis software, and the further optimization scheme
was put forward. The results show that the optimized system has the characteristics of rapid rescue, strong environmental adaptability, simple
operation and so on. The structure rigidity of the throwing device is high and the design is more reasonable, which provides a reference for

the follow-up research of the rescue system.

Key words: high rise building; fire; external rescue; TRIZ; optimization design

YR B HI:2019 -12 - 11

HEWB : B Z #7712 TAEL 0 (2018IM010500 ) ; [ 52 42 4 Wi 8 B Jmy 28 4 B 7= T K B i A R BHE T H (Anhui - 0004 - 2016A0Q)

EBR AT £ (1978 - ), B TLoR K N, B2, LA 2 W, FZNH R BeILM S PG A M2 ek 3h e SHEAR T A HF5E, E-mail
cumt1279@ 163. com



- 1116 - N i5)

™ & %37 &

0 51 F

2R —H R A KK, Sl E R AR
R A3 X 05 At Rpy s e . B gish
TR R S = I B R RS Bk A ], EN
H ATHC 28 B2 50 T B 47 1) B R ROz v B 2 807E 50 m
Zif, Tk IR N i 2 SRR () EEoR T v B R OK
FITH B A A B, HaZ i 3 BRI RR & e 5
SOMR, A O TR M N B R g

X J2 DA KRR v 2 A SR A 0k AR BB ke i, ik
He S A PR S o JIANG Hua 2650 544 7 — b
ZIae B HERTEB LA A I Z AL AR K, H
ROz B 7 B B T AR AL AR AN A RS 3 48 a2 R
P, T 76 S PR B0 P AR MEMSCE 5 LT Bin 25 BF 5
T —Fhak o IEBEALES A, iZHLAR A i 22 TEHL AR R 0
KA 1 8 PR o3 2H 1, R4z s AL A 8 7 o, Y Bl
RO B AE 1 RAR A7 B AT I, % U A TR HALE Y
B € B 2

R i 2 AN RIR R 5 ATl R
N GAANEZ KK IRy v B PR, EL A4 (8, e hl
AL RCR R T EEEE

I TRIZ PRAE RE 05 (0 U 113 1% W Hb 43 B £ R
T, P ) A G A sl v e At s R A
ERRAR R G T IR BRI A R Z AL EH T
TRIZ PR Er R FEE & X 1 TR T2 41
M5tk

1 a4 By

1.1 [ @ik

15 2 AN RAR 2 G0 R FHAE = )2 e AR
e B skl 3 7y A TR . SRR R s BN
1 s

=2 ESAMTRIE R BRI X F

(1) Y NS K Az KCIEE, A7 T #5140 T
(14 A 2 T P R T, b T O 7 % 4 1) 2 D g L
BEAEH I TC AN R E T, 38 2o = 7 A5 Sk L5k
YRt , R IE AT J7 1 I TR 48 2% OB #3414
AR

(2) K 1 (a) FR , M40 RIS 5 HE 5 e B %
Fe0m 61 DA o A v R M AT, 7R b
PR E 2 Y I —E e is i R 5, P Bh I B A is 1%
B RAR 0t Rk AR A A A TR

(3)GnE 1(b) firzs , F FH PR A2 iy 22 G000 0 22 2

w5
DU &
| | | mm | w

(a) ARG E S
"
&2 | I
|

l
[!

EEEE s HER

(b) ARGt e 56 M 25
BT )2 ol Rtk R g0

5% RO 42 L0 nl 318 X A 38 3 A 4 K L
Uiy A 5 | - 18 AE ER SR TR i R ke 1 b, 0 T A
SR RRAR 22 2 AP B — 2% D R o 2 4 Rz i
[SPNAE Yo

TERAE R0 TAE R RE o, 55 208 TE A ML (1 2
RUWOR AR S HE R E R . N T R iE R
FRG LAt B3 R R S o0 B i 0 T i B 26
BT T
1.2 ERsSH

PRI A3 BT i A2 — i oo )l DR R R W e R R
(18 5 PR = A ) 25 SR 2 (B e R BT v

AR S Pl A N 28 2R WO RS T
H RS or Hr e R ani#l 2 fis .

i e T
o ﬁﬁgﬁ R
e i : ) S A

R R FiE R
Wi TR wE |
e we e R
TS T Bz T
T W At | werm
B dEALE \\ R R
— RArfs T T

T TTrn TR | sz | otk
=== B e W

K2 RGN R A



59 )

T AL, %5 52 F TRIZ PG A HERE B Ak st

- 1117 -

HIPEL 2 AR, e B 2 27 A i TR R - S
AL BT R SRR E LR B SR g
HEA S 0 e NI BE N R LA BB 2 1 07 1) A AR
E 4o

2 iz TRIZ 3¢ T Ef o a3

MR TRIZ PG A e 7] BTG B2 55 00 W7 2R 8 R A7 A
F9 (D RSE 1 T AT SE T 230 B 4 1) 07 A E AR AR PR, 5
iz TRIZ T HAS Hfig sk gy 20
2.1 EF“FEMERAEE"HEHES T

e W ) B 4 A% 0 2 il DR S5, ) T AR P J Al )
FHF 75 R e 26 R B M L A9 S T i, 42 o it o F I )
Jrikt O R AN RO R G AE K R B
S ¥R LT A/ T, SR A vl A A
o

JEURA s A F A 3 TR

(a) HH3eE
1—HH12—34)2,3—H43;,4—HH4,5—H4 5,
6— 14 6, T—H 48— R JE ;99— F

©

(b) ZaF Wik %%
| —8%E 2—E B EH ;33— 2 Hk4—4H
B3 P B a5 A

1E TARE R, 2 UM RAR R B
i R I A T T A LA R AR Bk A 7 A Y
FG| JMEESEES1. B3 (a) i, ARG /R Y 507
SUPIMI 5 JC KR 48 40 28 HE A0 B AN Y 4.5
6 4 b, IR — 4 5 Y L T ROR 2 B
Jil— A5 G RT3 45 o A AURE 28 OIS 4L I

ARERAETENMIY 1.2 3 H:4 I 7ERE doRIR i i
2| Sy o iR AR B AR U 0 FEE ORI 2 4
B, B Sl AT A B 2 2 v i g
BCFESMUNEER 1, th FHEA S R &3, T gefli T
St ) 1 1k A A DR 4 A A R R E T
JIi % 5

WA LA L3 Bl A, ] 3 (b) i 2825 e 75 v il
FHAA N L AU S H A B A O R 5HRE
AR

S5 TRl A BT A5 1 A AR A SRR, WK b 3R OF
PRI A0 « ) (R A e 4251 ) 5
o7 CHERA A8 1 ) 22 18] A w5 38 s 1k 6 A1 T el
] (SR ETE R VR E)) 5 T Sevk (R R G
Ak Z I MO0 6 TR (485 5 i B )
R) HAEEME (RGN RRENE) Z RS .

1o A PR BT A BT P IS AR R, AT ST A TR
I R R, e 1 I

F:1 HEEENTFEPRIER

. EALSEL
UE=214 ey
IS EAMRZ A 27 v
10 74 15,17,18,20
15 32 sh¥ (R 4 FH i [A] 11,2,13
33 WA 17,27,8,40

XEER 1A A B SRR E AT 23 M i a0, A {ELAS D
A 1L (BB a2 ) (15 (Bhasfe s ) (17 (=5 10]
HERUEAL JEH) | 2SR 1L (P B 8 ) 1S
(BhASAL ) A PRAE S5 B IR RS S B 7 )i o

BCRARRY T ST < (1) Bt B B H B R g, i H
FEREAT bRl A2 30, Weke R A ALY 5 90 25 B i 6
JRELL AT B — A58 0 AT 8% sl U S e 5 (2) 7R
PR AR HE R ZE O 2 W) MG I A ML, fol R S 4L fE
i F TBERS 5 (3) e ) R AT S BN 2258
RS

Ut I AR B R 4 PR

(a) MRS LR 0 e
| —HAS AL 2—H 40 3—h K sd—F S 45— 4
AR 60— R B R4 T— AR R



- 1118 - N i5)

™ & 37 &

(b) AL G AR E 4
B4 LAb)m B L F e A A ]

2.2 ETU-pEE" B AR WA =R e iR it

Y5 Wi o 8 Wy T A 373 1) #0223 B Rl
ER/MIAR RGBS S TT

HRYGZEZRUR ARE A8 , 48 Z MO B R LA
VEAIE AT I R rh 2 B R B S A R RS, R
LI ICIEARBE , HLR Y B e P, i 4 ey 3 ROK
SR RIE WIGE B I . NI, iRE TRIZ #ig
HA ROV B SERE SRR, IO — gk 3, mld g
FIA— WU F, Aeffoh T P58 B R A IR

TEAS TR N R B /DRI XSk r AL, 18 3 A AL PR
FRET BRIV S B R AE T v A P B A ml 4, 2
SEABTE R B R - R A S TR .

77

////;/E

T 0

Y

— ‘
7

IS —
gl
V7?7772

(b) 25 fa] A El 2 g i ]

E5 @R st El
I —FRIE AT 2— K ;3—R L w

3 MRitAESHE

3.1 HEHEENATE
ROR RS TAE R vh , FER 25 B 75 R 3 2 Rk

HIE SN G , URA —E RS . R
FES AR 44, R AT GB/T 10051, 1 -2010 Fife ™
HRUER P gam e, AR REUNER 2 FoR .

R2 EAMRAFMERE

Ty
CTL T . e ﬁl’(ﬁ
a a 0
P DG20Mn =315 =510 - 608 =22

HEA T AR R K ISR L AT A& 6 s o

A—A
e e,

/ |
D C
7
ridd]| e

\ X Rn

0

K6 ks i E

WRAETRHERTIE , H4 A - A BRI RN S -

Q €

= 1

O =Bk, *R, - e, (0
1 m x

Ky =~ Ff R, i (2)

K :6,—C sHLNE J7,MPa; Q— H:#4 fir 32 47 77, N;
F— A AL, mm® 5 K,— R 18R 0 il 2 R4
e,— FUTHTE0 B NS IE E , mm e, — HTH O B A%
FE B mmx— 18 K, 09 3 AR & dF— B A Ry—
B E O B A TP O AR RS, mm

ROE R G0 TAERT, 76 A 50 T o 5 b T R4 22 2
[ 45 A I o) 2 Ak A S A L 2 SR B A Y = B RR 4
S 2 (R AR S A Y 1) LA LT [ ) A
A% 30° NERMHEEEFTZ R H1 Q W ), % 4 TAES
M1 15 000 N,

FR P4 = AR S R A (1 ~2) R i
HAth A8 AN G R 1 th R R %k K, =0.027,
Al A - A R AR YRR 77 8 =131.28 MPa,

3.2 HEBABNESWSHNL

BT Pro/E @57 9 HEHI R S A Workbench
o, VS INER 7 A MR B Static Structural M7 4
B G % 2 45 40 9 ( DG20Mn ) , 11 4 5 £
PR AT RUAK K23, A% DT ROT B 2 mm; X
A )RR I A [ 7 249 R A VTR N it A, e I A
SR AN MSERN T .

SRIBJEAT T AEE RNE 7 s o



T AL, %5 52 F TRIZ PG A HERE B Ak st

- 1119 -

(a) TR 1 2= &

(b) HH AT

(c) HEHHTHR R 7 &

K7 He i B A4 R IE

HiPE 7 AR

(1) HEfh A — A FHCHTAR (4 337 N7 7 5 4 4 1) B R AR
54350k 115.33 MPa £10.795 96 mm, 5405 (1)
PN SR AR KRB A

(2) HEA I 5 RAFRON S1 0 148.29 MPa, i T H;
HHR , 2% JE I T AR i e rh SR K, OO F Y
SRRt — A

Xof R SR 2 1 TR BT, B I SR A Y
P IR T3 i AL, AL 8 i

RS R FR S Workbench {5 545

13559 Max 071021 Max

85423010 Min

(a) T HEH R S =

HETO Rl 5 A — A BT A0 1Y J R T o
105.46 MPa, f: K4S K47 0. 710 21 mm {5405 55 4
KA SR 135.59 MPa  AEXHEALTTA s/, HE5s
THARERARE T, RIS T RGeS R 2 4

4 LERE

(1)iz H] TRIZ FRiE A PR o ik L o 58 2 1 %
Y-SRl S T T T 2 AN R R4
AT R RS B SO0k Z M AP AR, SE T
HARREAMR LS S, 1 m T B TR
FRARRE Pk SRS SRR R I TN

(2) iz F§ ANSYS/Workbench R X +E 84 #1471
B2 03 HT , AR 23 B 245 0T ) 99 55 1 1 EA TR
b5 05 LSS

15 BSR4 3 I A0 1) J KN 77 1 148. 29 MPa
F 28 135. 59 MPa, 5z K2 H 0. 795 96 mm [& &
0.710 21 mm, Ak HEA AR 2R B8y 0 , $2 5 T b

(b) HEF LT
B9 fefem Hsa Py o Mral R IE

BRI AT A RN 9 FR

i

K8 sERIL i) H

(OF:32E st
BEE LA,
2% 3Lk ( References) :

(1] SRIRA. w E A S RN HOCHE B AR HWFFE [T ] B
Bl 5 A ,2019,38(1) :131-134.

(2] BEEE 2R K a5 2 AT AY 5 O K Btz i I
FELD ] )N AR BT R EAHUR S5 704 T AR Be ,2017.

[3] JIANG H, LUO M Z, LI L. Development of a new high-rise
building fire fighting robot [ J ]. Advanced Materials Re-
search, 2013(694-697) :1711-1716.

[4] LIB,JINJF, GUSQ, etal. The preliminary study of wall
climbing firefighting rescue robot for high-rise and super
high-rise building[ C ]. Proceedings of the 2013 2nd Interna-
tional Symposium on Manufacturing Systems Engineering,
USA ;. Information Engineering Research Institute, 2013.

(5] FEE,SKREF, TR, 5. RSN R 4
[ P]. ¥[E :201721236163. 5,2017-12-15.

(6]  EMA, KN, Sl A1, 55 2 I SUAM AR R n] e %



- 1120 - N i5)

T

P 37 %

HHEEE (P, [ .201710874399. X,2017-12-08.

(7] Z=Mg 35, Bk . TRIZ Q% B 4t 5 ) s 3 S
[M]. dtat: HUa ol i kit ,2016.

[8] MANN D L. Better technology forecasting using systematic
innovation methods [ J ]. Technological Forecasting and
Social Change, 2003,70(8) ;779-795.

(91 FhBEWE,ZE &, NI4T T, 45 25T TRIZ B AYFLACTAE il
Pt ERFZE[ T ]. HLAL T ,2015,32(9) :1206-1209.

[10] FRESNER J, JANTSCHGI J, BIRKEL S, et al. The theo-

ry of inventive problem solving (TRIZ) as option generation

tool within cleaner production projects [ J]. Journal of

Cleaner Production, 2010,18(2) :128-136.

RO, B, D2, 4. 3T TRIZ BE ) FRARTE

WORFR GBI ]. Al T A4 ,2012,28(23 ) :26-32.

IR IR, 2 M, SRR T TRIZ g i o BIE 1Y

[11]

[12]

A5 At

[13]

[14]

[15]

[16]

[17]

B ENLAE ) ] BRI ,2016,33(11) :114-117.
GB/T 10051.1 - 2010. ;&E H H 44 5 1 350 S1FHRE.
EH A T R R S ] dbat b ERRE S iR, 2010.
HE Z K, CALJ, CUIS S, et al. Static structural analysis
of 2 MW wind turbine blade based on ANSYS Workbench
[ C]. Proceedings of 2017 2nd International Conference on
Test, Measurement and Computational Method, Beijing:
IEEE, 2017.
E BRI, = SR, BT CFD ) £ 28 R s
BT ] BE3h 5 % E,2018(1) . 72-74.
OFOA W, UL JE % JET ADAMS il ANSYS
Workbench 1% BB B i L AL Bt [ ] Hle
T#£,2018,35(11) :1205-1209.
HEL, 5, X5 A m AL 32 fe e e it
LA T] . A2 5B MPLA, 2019 (4) :29-33.

[ 4REE: )y Rl ]

ERA, K IR ST TRIZ BIE Al H B OU st [) ], Mlis AR ,2020,37(9) <1115 - 1120.
WANG Cheng-jun, ZHANG Yu-ping, SHEN Yu-zhe. Optimization design of throwing device based on TRIZ theory[ J]. Journal of Mechanical & Electrical Engi-

neering, 2020,37(9) :1115 - 1120.

CHLH TR Y 24k :http ://www. meem. com. cn

(3% 1084 )
4 ZERE

BEX AL e A SR T i R W A B AN RE SR A2
KRS Ss rRe SR R, 5 5 ATEL S
HOHT R, WL SR Sh A8 SRR PE AT T 0T5T 5 0
T P AR S R AL P A 52 8% S A BR G B A
BEAT T 00T, AR R AR 7R N A R AR R 8 A Bt 2
AL L BB AR AL, S0 55 05 A5 RAEBUE A7 AE
225t BPE A e AL A — B AR R AR N A
Fel il 1) (2 A% A2 1) (58 R/ Bt A8 AURL I 1R A2 4k, A
REIOE A% K/, 7 [l S A% A 28 A LA o

£ 3Lk ( References) :

(1] PEHYIE, F A, o SR 520X AL R S Al R T 2L 2%
MM BN T T.2,2015,44(8) :240-245.

(2] JAREZ R T, RS, A A AR R R s P 1 Rk
BTl ] AR50 ,2018,15(9) : 1-5.

(3] & ). AR SR A1 W 24P 58 [ D . M < VTR
AL TR B, 2017.

[4] MIREIA O, XABIER S, JORGE D, et al. Design of four
contact-point slewing bearing with a new load distribution

procure to account for structural stiffness [ J]. Journal of

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

Mechanical design,2010,132(2) :1-10.
TE OB 95 ST ANSYS (AR 3 RR 32 T 4y
Hrld]. it 5E A 2017 ,45(2) :33-37.
TR, B YRAR , VRIIE. XU S i LA R K A2 ) o3 #
(3], o E AL =4 ,2011,9(1) :73-76.
SMOLNICKI T,STANCOM, PIETRUSIAK D. Distribution of
loads in the large-size bearings—problems of identification
[ J]. TechnicalGazette 2013 ,20(5) .831-836
K, R, B U KR LA AR SRR IR S
ABRICAHT[T]. i J7,2017,50(3) :143-146.
JEONG W H, JU SN, YOUNG J P, et al. An experimental
study on the performance and fatigue life of pitch bearing for
wind turbine [ J ]. Journal of Mechanical Science and
Technology ,2015,29(5) :1963-1971.
T W1 Rk LA S S R 57 FF A AFFE [ D .
Jeat AR I RSERE IR B 1 S AL T AR~ B, 2012.
s k. XU R LA AR Sk AR 5 7 i s R R 23 A
[D]. R PR T /27 B, 2017.
POTOCNIK R, GONCZ P,FLASKER J, et al. Fatigue life
of double row slewing ball bearing with irregular geometry

[J]. Procedia Engineering, 2010,2(1) :1877-1886.

[ ZmaE . Ty b |





