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BRI o AT PRSM BREUA # A 0 A0 AT TIRAIBESE, X8-S PRSM S5t 24K
Wity BREUCFSEE . $ 5 PRSM R EGRE /) oA 3 21 B 8 SO AR FHAME
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Abstract

Abstract

Planetary roller screw mechanism (PRSM) is a device to transmit rotary motion into
linear motion, or vice versa. As PRSM has numerous contact points and has no returning
device, it is of great advantages of large applied load, high velocity, long service life, etc.
Along with the development of the automatization and intelligence of manufacturing industry,
PRSM attracts much attention in engineering, as a device of Electro-Mechanical Actuator
(EMA), and has be widely used in aviation, aerospace, navigation and oil production. The
load bearing characteristic is one of the most important performance of PRSM, and it plays an
important role on the performance of EMA, and load distribution over threads of PRSM is an
expression of load bearing characteristic. However, the applied load is always non-uniformly
distributed among threads of PRSM, which will limit the promotion of PRSM capacity in
definitized nominal diameter of screw, and it will cause transmission noise, excessive wear of
threads, decline of service life, and restricts the applications of PRSM. Research on load
distribution over threads of PRSM in this paper will provide the technical foundation to
parameter design and further improvement of load bearing capacity of PRSM.

The phenomenon of load non-uniform distributed over threads of PRSM is
systematically investigated in the paper, then the effects of installations, load conditions,
material parameters, structural parameters and manufacturing errors on load distribution over
threads are revealed. On the basis on effects of pitch deviation on load distribution, the load
balance design method of PRSM is proposed. Then the load distribution over threads of
dual-nut pre-load PRSM is investigated. Lastly, experiments are carried out to verify the
effects of pitch deviation on load distribution over threads of PRSM.

1. Based on the structure and load bearing principle, PRSM is dispersed into shaft
sections, threads and contact points of threads, with the installations and load conditions
considered, model of load distribution over threads of PRSM is developed. The matrix
equation to solve load distribution of PRSM is obtained from the deformation compatibility
relationship and force equilibrium relationship. As the manufacturing errors are always exist,
the developed model is further improved into a model consider manufacturing errors to
investigate the effects of manufacturing errors on load distribution over threads. By
comparing the results with the finite element model and the existing research, the load
distribution model of PRSM is validated.

2. The effects of installations, load conditions, material parameters, structural parameters
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and manufacturing errors on load distribution over threads of PRSM are investigated. The
results indicate that load distributions over threads are different under different installations,
while they will be the same with different load conditions under a certain installation. Among
the structural parameters, external diameter of nut, parameter of thread form (except for pitch)
modulus of elasticity, have little effects on load distribution overs threads, while the nominal
diameter ratio between screw and roller, number of rollers, number of threads of roller and
pitch have great influence on load distribution. Pitch deviation can make load distribution
over threads evener or more uneven, and the effects on screw side and nut side are opposite,
because the contact of threads are on opposite thread flank on screw and nut side. The
non-uniform load distribution over threads of PRSM is caused by the accumulation of
deformation of shaft sections, and the shaft section deformation of screw and nut play the
leading role.

3. The load balance design method for threads of PRSM is proposed on the basis of
effects of pitch deviation on load distribution to make the applied load uniformly distributed
over the threads of roller. Firstly, two criteria are presented to guide the parameters design of
thread form, which include intensity criterion and yield criterion of contact, and based on
which, the rated load and limit load of thread and the criteria of parameter design are
developed. Secondly, the load balance design method is proposed, through the optimum
design of pitch and thread thickness of roller and nut, the contact conditions among threads of
roller with screw and nut are improved, and then the load distribution over threads of PRSM
are improved.

4. Based on the load distribution model of single-nut PRSM, with the structure and load
bearing principle of double nut pre-load PRSM, the load distribution model of double nut
pre-load PRSM is developed. The load distribution over threads is investigated, results shows
that the load distribution is determined by the installations, load conditions, material
parameters, structural parameters, stiffness of elastic element and the stiffness of connect bolt
set. Under the applied load, preload on one of the nut will lose, and the value of applied load
depends on the stiffness of shaft section of nut, elastic element and connect bolt set. After the
vanish of preload on one nut, the applied load will be bore simultaneously by the two nuts.
The load share between the two nuts depend on stiffness of elastic element or connect bolt set,
when PRSM bear compression or tension, respectively.

5. The effects of pitch deviation on load distribution over threads of PRSM are
experimentally studied, with two PRSM samples from different producers. Firstly, the pitch

deviations of thread parts of the two PRSM samples are measured. Then the results are
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substituted into the load distribution model to evaluate the load distribution over threads with
pitch deviations. After the measurement of pitch deviations, the two PRSM samples are
assembled correctly for the load bearing test. Afterwards, the wear depths of contact traces on
the threads are measured to verify the effects of pitch deviations on load distribution. The
pitch deviation, load distribution over threads and wear depths of threads show obvious
accordance, which indirectly demonstrate the effect of pitch deviation on load distribution
over threads of PRSM.

Finally, some conclusions and observation are given and the developmental prospect of

the PRSM are discussed and outlined.

Key words: Planetary roller screw mechanism; Load bearing characteristics; Load

distribution; Load balance design; Parameters of thread form; dual-nut pre-load
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AR AE E K A ARBH AR FIUE A7 BRI 22 AT B EE LB 545 3h AR 1 e
MISLISHFT " TS AT BIRAE AT RIS EE 5 & kS BERR G HLEERE 7T 7, “ B XK 863
THRI—HLHEAES) T RGCHERIOS ", “H K 863 tHRI—WLHAL S RAEF AR T K
i Tk 606 7T T “ FLENPAT HLAL BT HaIF R 7 S50 H I SCHE N 3ET I o ASOR E ST
ITRVRM 2241 5] (Planetary Roller Screw Mechanism, PRSM) SRS F &g A 78, &
FEE 7R PRSM BREUF S far 40 At T ZEU N TR 225 R 2R U, FE2E T 2Rt

T RAFIRLF #3851 0 An I S HOR T TT
12 fiIRER5EX

G 2L 2 mE N A RS, HLEHEAESIZS (Electro-Mechanical Actuator, EMA) EA—Fi
T IR H RE R A AL RE HEAT DD 2 S8 ot th B D Re A, T 2 BT . R
WU AR . EMA 32 i AL A LAl % . 0N LAY DL AT WA =53 4%,
ik 1-1 FioR.

1T R 22 LR
(Planetary Roller Screw
Mechanism, PRSM)

K o1-1 FLEIESNES (EMA) 41K

EMA %G1 i sh s SRS AR sh a8 A BRI i, EEAHE. (DAA R
HA IR I s (OFFBhas R0 5 TALIABEAT (@ BRI, H4E7 . BT ARMR: (3)
AFERIARBN: (D ZBTTE, AT EAABE AR ARG (5)J LU
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VRGN A I JERS . HOCHEs . BREAE; ORZEER. SHEN, EMA
WAFTELL R ELS : (DEMA IHREEE /N (2)EMA H IGENLE — SR FH ke 1L 80, ke
MR FEUESh 2877 A TERATRE: Q)R AEIRIBITI RGERMEKR; (4)EMA i J5 R ik
PR, TEAMR 2RI T S5 (HFEEH MR BIER &SAENAES)
B ARBAW KR, EMA $iZ8 70 ik Bk Bk

20 tH42 60 AR E 70 (ERY), KEZERI THL ARSI 2RI A7 4, A H
HL BN VE B 5IE 1T Rl (Electrically Powered Actuation Design Validation Program, EPAD)fH
H, EMA 75 CATHE R E AP AR OCH T B R . D BT % IR R E &, kb
5y St WAL S AR, 20 20 70 SEAR KA 80 4EARAK, EMA BT, A KALH
i F AR LA T A0 70 EMA. BT, 1978 4F 38 [ i 25 il 2 w0 1 X047 1)
FERL C-141 BN LR I XCENLZ A% EMA BURZ B B=UEAEsh 48 1Ys #& T T AR K F-14
PR T EMA $5 1 77 [ g5, 20 4 80 4EARAK E 90 AR 1, EMA W7t 41
JETF, EMA 758 QiHE 7 % S 4a il A AT MR 32 b S50 s i R AT 21 7 30E . il
NASA X1 5 8t 58 Hol B v S 8Ok @i /1 R BRI HESI R4, C-130 SEARN
WG 7 BRI BERE IR BN TS, DL X-33 BUR KHLRSIFLEE S RAI KT TVC %5
BIRA T EMAPL, 20 2l 90 FARH E LR, S FNIZE P BUOE EMA R A
R LFEN . 1, 1998 4, AHRIZEREAE F-16 SCFHL EA5 2 EL A s 13k
IGU0 NASA Zyigith AT H O I IR X-38 TUHM, 25— EMA N 2R
AL TT I AEANE B b, AT T B N AL RS . 2000 4F 2 2004 4, KH
W] T bR EMA, DARE IR A R EAES) Rl EEAFHI0 A E TR K
Bl X-37B T 2010 4F 4 H 22 HEWh k=, AR REE FEfl 24K T EMA K
31,2010 4 8 H 5 H, NASA B se5e = 5K T WiT3) 1B E4E, £ UH-60
WIEE AN EE X EIET T EMA ®ATIEANY, 2011 4E 1 H, Sagem AR
EMA FI-T- A320 i A< CHLEIE 19 2/ AT4emIlsl, 2011 4F 11 A, Bz 78t
FEZETHRIVS), 12 ANE 3L 55 ANEAE RN T RAESUL EMA #fi. 2017 455 H 5 H |
A, R R B OB B brE A hr dE, S5 VA S A DG Ak A VR B4R R
KL C919 TETH AN Ko CFM AFA C919 $2{EH) LEAP-X1C &KshHl, KH T H5h
RIETEBN R G, REAESRIENES) Rg! .

Fah, BEERE SIS KRR E, LRI Tolk 4.0, A1 [EiiE 20251155/
SWHERD, HE R A B RRARRE R SR IR AR S . EMA DLH R
TRE. SESRA, ERNE RN, BORHHERE T RIS B 3. BRI AR
K BRI

Zk, EMA JZ AT YRR, Dy gl #ifr i, H U R
SRR, DARCRBUREENUREY, BT 30 B B4k AR = 2 P55 R A
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EMA TAEMERER B30 H R AN R BB AR MRS, SATHLIM 2 EMA [ SCHER 1,
HALZN SRR ER R E EMA B TAEMERE. EMA % HHUTHIA F 24 PRSM 5%
BR2ZAT RIS . PRSM SIRERZATRIMHLL, BAESINIE . AEE k. TIEHFmK
SR EEE BRI SR s 20, (R, PRSM {ENSCEEIEREMLE, RmEAEE. Srke. mik
At EMA $ATHUM I B ik .

PRSM s& — M a] LUK L4812 30 5 e i 12 B AH HL A IR SIS e & LA, a5 i
%fi #. A Carl Bruno Srandgren T 1942 £ B{127], PRSM ZEMJ N 1-2 B, Bl 2241,
WA WREE. NTRE JAT EARE A . Horh, “ AT SUREES RR 2 Sk MBS 2 Sk N IR
a0, WHONFSKIRS., =FEEEAE, FARMIIN 90° , N T iE% PRSM ZA&#HHE
RAFIRSUF Y — Mo TN BIREC R o 2 AN TR AT T AT L, 735l 5 22 AT RS0 R B
BRAUMG G o N A B e TR B, S 2 B, EAE PR I B S NG A, D
TRUERAE N Z T AT T 22 AT . Wi AT A2 2R A ORI A AE 22 AL J B3 S A B

K 1-2 PRSM %547 2 [ 128)

PRSM 1L ezl H AL sh B, feshidferh, AT IR SR Lk i ieds B e,
R DR VR L ZEAE SR B . AT, SRR I A el (738 5)), R
MR LA SRR 2 R SR 2L AL R I N e IB s DL K St B B2k V) B iz sl RIS 765l
27 R RAL B R B HEAT Bl () 12 3

PRSM #2241 A IR BHEL MG &, Selia sl 5 #8iaTif4id, t+ PRSM A]
WPERUNIIREE, A, IR ERAE N KRR ER ML, 515h, PRSMIEAAH
SO E v BT IR . AT AR N R R E S SR AE A S PO i T
PRSM HATEZ AL, BliE H i H 2 st S BRI 70 10 H 22RO\, HL R ROk i
JiZ o PRSM FEMIFIAME RE R AR BE I K THRERLZALR], 148 28] 5 R EAEY]
BALH, O AR A A AR ) EE T RE A —— ML AR B A O T PRAT AL
t, AR AT AR PP A A R M I 32 22 Kk PRSM R AR BAE
K #arKERFNA, OEN I Ha LEFEFEERIEECTE TRZ N 1EHK
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PRSM B ARG, B TRt St a, S 2R TEIT7 M0, Rz
BRI B & S A4h, PRSM UGS 72 B FH TR MR, SR8 N4, Ep
Il 158 8% 1451 J% 5% U 1% T S A3

SR, PRSM EH 24K (Z/MAEF:S AT KR BEFRN Bt & H) . 8] GEHEA
W5 NGRS G B 5 R AT AT IR RSN A ED . 2 8 (2R Z AN IRLUT
F B Bl AR D i, B 2 AR RIS 5 24T . WRRERR ST [ A - B ik S B A 1 2
i AE . SIRSUKEIRML, PRSM A ST AERRSUF [A] 73 A A ST IR o IREUF %,
i S AT BIANYS), BRI T PRSM 7EHf 8 AL ARREAS FARZERE 8T, IF Bk S 8t 30
MEFE K BERUMEL TAEZdr T REEILER, EE G2 7 PRSM 72K m R a8k J K73 m 55
PSR . X PRSM SBRESUF #ani 43 A T et 98, nIoNekss PRSM R SUF #4734
B GR DR R S KR35 S 4 5 PRSM 9% 55 75 iy B9 7 PR IR LAl
1.3 1TERHF LA IR IR
1.3.1 PRSM IBiR 5 IR

HAT, E4MCA PRSM R i, FFHMILH 3 £ Rollvis M1 GSA. f&[H LTK. X
# SKF J HAS NSK ZEH144 . Horb, 3 Rollvis &2 tH A3 411 PRSM 477,
3% A RIT 40%, =5 Z PSR PUR. 7 & RIS N ST L8,
PRSM 7E[E T 20 40 90 SEAH 4652 2 TREGIR A oGE 4T, BHE 21 kv, |
PYAH A 77 S A T e LR A, i ELRIBLAE, B SR PR T B, PRSM
HiliE T2 M THERM B, A= B & A Sy AR S .

FEXTT77 it &, PRSM I BRARBF FERC P B0, T Il ok A 18 52 312 3 (1) 3 9T
MR ZH 7R E . HT PRSM SIRERZALE]. TR sh A SR SRS A7 — e AR
PE, IR VIR 2 B T IR R AT RIS, TR Bl A& 0 S g S e 20520 2 A
FAR . BT, FFX PRSM WBGHEFT, W% B BRI TR SUF B 40 R .
Horr, TCIRGUF e i S AR R B I AL 2 EAFE S H D), A IREEPO B )%
Ay RTINS AR ST B A I P A I B RI T E EAIR RS 5 )y 560
JEWON R 5 ER R0 45 B R R 10915

ST, BTESER PRSM W TARR B, iashe it SR R AT T 70
He T T RIEEEMHEZBN R RN TR, HEH T ESHEFEN ALY, Ma Fad
PRSM S4B it b s 2 1 8 /N2 A, it —2 9istih N R4t 7 Rk HEIe-0ol, FHk
GHET PRSM BB IRSUOCH A5 14 AL, $2 T IR IR SURR AL 6 1 IL RS 1 T
%, R4 SRR R ARUCEC LT AT I ELIG AR BT SR A IR SO T VR g R T
TR,

Wk TR 5 T, AN S5 T 22 AT IR St T R AR AR S it T R, WAL T 24T AN
BAEZ B IMG 6 G R Ma 70 TR AE 5 AT mE & I 5EAE b, 347 T w6 & (R BR I A
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A

VQﬁiﬁN\ \NNQNN\

L—1 e
B ]
= == | _—1 | —
L —1 L—1 _—1 b=
2) i 2 22)
% B B B
// = IT _— =
] e e i
— 3 S 3 3
—] L —1 _—] L—]
(a) RN %8s OREIESS (c) Sz (d) Fuz%E
LR 7 JEMB R T $ LR S P MERE T LR R IR R YT 2 H MR RERZ A

K 2-1 PRSM %3577 552 JR3E

\\\\)\:\\\\ NN
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BE AT R LALRIRSUF B o A v HARE

2. WRGUF 32 150 M
PRSM 7K Jr WREUF 18] 7 25 (R 12 ik 779 2 1RV e i T vk 4077 10, AR 0 3 e v 1
Ri s, LUK PRSM BREUCH IR A A B T 70 N = J7 [ 90 73, Al 2-2 Fiow

A

Y

{ dtg‘ﬁ E’\" F’Vn

w e Fre | X
@\/%(\\-\'MK%* .
AMANRE =€ R
J\ ILCAPIRNE

K 2-2 PRSM 840 %% 150 ¥
K 2-2 7, ARbR R R SACTE VR K 5 22 AT B R RHR S 14 fl i, X Bl 22 4T 261
17, MRHESZ 757 B AT A5 AT: 22 AT F fd 0] B8 A R AN 25 [ 2 i 2 s 7E b 1)« D7) 1) 5428 1)
1155 73

Fua = Py -cosa = Fy, -cosg-cosar (2-2)
Fy = Fy -sina = By, -cosg - sina (2-3)
Fy = Fy, -sing (2-4)
Ao
Fxa AT /R R A N RSUA A A () b 17 23 /N

X—— Thr, BUSBEUN, 7535 QLA BOR BERE ] 5

Fxn L2 KT /MRBE A R AT 12 1R B D) ) 73 7 5 4l A 70 1) F/N
a SRRETH A/
Fxn LL AT MR BRI Ak BRSOV 17 847 /N5

¢ —— RIS, B FaS P BIRAS
Fxt L2 AT HRBERE AN RS V25 1m) B gt IR ) 7] 93 J0/Ns
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(iRl N 2 e S VA7

Fxr 24 KT /MG RE A N R S0V 1) 8 A B4R 1) 43 J0/N

H1-F PRSM TAER BT 52 57 80 Al 1m) k7, 430 AR SRR SUA V5 ) e s 847 T il 1) 43
(15 715 PRSM Hlial a5 . ASCHTAEFE I PRSM BRAUF #ifar 7047 9 PRSM il 7] 471
BAEEATIREUA (A 3 AT, DR AN 2% LR AR SOF e fub  far Bl 1) 2 770 AR S S SR B
PRSM BREUF 8 fif 32 FR AR SU A V2 1) #2847 1) A 1) 0 7

2.2.2 PRSM £5¥JRI
1. &M EHUL
PRSM TAER F B &2 m#ms, HOE AT . A R R = RIS B (R ST

kA S REM SRS, RIS AT R IR BRI AR L S PRSM MRS B g 20 A I

FEMEZEREZE. R4 PRSM S5 S SRR, K PRSM ZZ4T. JRH: ISR EE Bk

NIRSUH B WREUF FARSUF Befph i = AR, WK 2-3 foR. Hdr, BSUmBER

NAHEBPIANBREUA (R R AR 50 o 25 B AR BRI A, L2 AT IR S BN IR 1T A e TR A

A, FERAFARSU BN IR AR, 17 S5 R R Sl B D) A JEC TR A9 Bl A R AE A o MBSUT SRR 2241

AT JOERERAR . EA AT N = AT GEANIE I =/ATE) B, sEECF #im

FLRINERE S B T AT 5 W2 BRSO i 45
PRSM 7R 28 M f5 » WRSUFAF I A BRI R AR T o« WREUNBUH 7K 2 s

JIEHL R 7, BET R A R AR R AR AT s RAUA RS2k i Ja, KR AR . B

PIETE, DLJ TR SRR M AR T S BRI T s BRSO H2 fi 5 U E B2 8 A AR PR

RATEIEAARTE o (5SRO FU AR, K PRSM 254 B HICH = Fh &5 14 2

o NMT =BT, 45lE R AR BNIEE . SRS NIFE RISSCF HMNI B, 1%

= RN A 57, PRSM BRSUE Bt o3 A vHEAR Y () G 8

bhaafaaaa

Ml —

b b4 A bl

RS B BT Chrfi/ R4

BRECFARIY CE . BIYIEE)

&— ¢

Hef r B AT

2-3 PRSM M) E B R &
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BE AT R LALRIRSUF B o A v HARE

2. RSB NI

WRELH B P BRI 22 AT VR AE BMR BE IR 19 AR QR A SR SUF 18] A F SR (0 B I
WL RT DL IR RE A7 2 o il b e W RE 22 sRUSIR . PRSML A, 22 AT AR B ) il B
I -

E, -A,
Ky = 5 (2-5)
XA
kxe PRSM ZZAT MR BRI B B /N/mm;
X—— TFhs, BLSHN, Rl RLAT iR
Ex PRSM 24T /MR EEA K 5 ME 45 B /M Pa;
Ax PRSM 22 AT ME BE B A /mm?;
P —— PRSM ZZ AT/ FE/MERFIEER /mm.
H A JE— NS AT RIS BE RS, 22 AT B R T R A «
_ z(ds —2h,)’ (2-6)
4.2z
XA
As PRSM 22 FTBE S Bk I A /mm?;
ds PRSM ZZAT RS 45/mm;
h PRSM RS i i /mmy;
7 —— PRSM J&FE/N
XpTUREE, BT AR
A, = ”[Dg _(4d.NZ_2hf )2] 2-7)
XA
An PRSM HR BFZ Sl B T A4 /mm?
Do PRSM I £E4RM%/mm;
dn PRSM R RHIRSH 48 /mm.
B TR0 ) 5 22 AT SR B, Fi DAL R B I BE g~ 2R o B MIRE, - B
2E, -
Keg = TAR (2-8)
o
Kre PRSM &AM Sl B WI & /N/mm;
Er PRSM ¥R AT KL 1 AR 5/ MPa;
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AR PRSM ¥4 F B2 4l B AR TH A /mm 2.
FEFE ) B AR T AR A -
m(ds —2h,)’
_Z\VR 2T 2-9
y (2-9)
A
dr PRSM & AFEIRLH 15 /mm.

3. WREUF NI

\
\ ‘Fa
- 5152
S i@:/ 5
y s o
O \ v OI 0
} & A
7 )
A
h, Xf
(@) 25 1 31 2 AL (O F IR 5] () FHRBI 5]
8, U8 )13 I S, A 5, I 6,

2-4 FFPE R A ) PRSM BESUF AR

PRSM & SZ AT, RAFIREUF 530 5 AT SR RRRSUF W 4 kL, 3 MBaUF
21 GRS AL A TT R AR T, B T RGN B TR 1025 it 51 R AR AN, i
A &P R G R AR . Wl 2-4 Bos, SRGCF R AR A4 5 R AR
6~ HBIISIEINAR 6, A RMR SR 5, A RBIVISHRREIAZTE 6, LA i
15y S35 ARTE 5,17,

v TR o B R 2 AT SR BRI B A AL, AR R b % S HUE S 2 A F . B f
N, a NIBSUFIRIERE, b MBSUFE, ¢ NIBSUFTERE, he MBSUFIER, Fa WIS
RN AR AT R 5 00, FeORIBSUR B e AR 10 4 ), B R AR R &

F. =F, -tan(6/2) (2-10)

A
0 —— PRSM IBZrF Riff/°
BT B Tk an B2,

i;E.{{1(z.§j2+21n[%)}~coﬁ(0/2)4(2)2-HH49/2i} (2-11)
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5, =(1+ y)65—FEa-co€(9/2)-1n(%j (2-12)
5, =1- yz);é; -F, -(C—%tan(@ﬂ)j (2-13)

(. 2\2F [P (P+a/2) 1 (4P% )
5, =(1-u )ﬂE {aln{P_a/z}rzln[ = 1]} (2-14)

X (2-11)~(2-14)

p——PRSM £4T . J&FE S SBREATRHARA LL 5

E—— PRSM 24T & S B REAT R 345 /M Pa.

BT W AMBSUEE AR, AR5 5 R ST BT AFH I . K SMRSUE R
FLAE dpe SO EIRERR, K NIRSIEERONIMEN Dow PR dpi IO EFER, FEH Se
FORIMBLUARTE, S50 R WIRSUINASTE . W TAMEL, HARm4r J151 AR N :
)tan2(6?/2) d, F

5. =(1-u e (2-15)
e
O5-e AMZESUAL R AR T 5| 2 MR SUA A2 Y /mm;
dpe HMRSUEE S0 A A 1) AR /mm.
XTTNIREL, B4R 53 ) 5| IR SUE AR TN
= -

XA

S —— WHIRSUR [ AT 5] 2 IR SUCE A2 T /mmy;

Do P BRSSO [ AR AR 1Y 7% /mms

pi —— PUBRSCEE 2 0 B AR 1 N 42/mm.

K22 . AL SR BEA N 2800 RN AR (2-11)~(2-16), 715 PRSM BRSUF1E
i ) AT A R Bl R AR T

Oyr =0, +0, +0,+0, + 05 (2-17)
A
T PRSM £2AT.. VRAL SR RHRSUH 417 42 1 /mm.
Xt BRI EERD A -
Ky = o _ Fy (2-18)

Oy O0,+0,+0,+0,+0;
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o

kxr PRSM 24T\ IR AT BIR BHESUA NI EE/N/mm.

PRSM 24T AE SIS RERF BGRAAUAR [R], R FARSOCF W FEA AR, X2 A
WRSCF WIFE B T S80S RS S HOL R YT . PRSM AL, IR B RESE 240
AEMERIRR, B, ERSCFSHAAFRREO T, =38 FRSUF NI A .
IeAh, 3R AT SR RHRSUF BT AT DU I, 3 OF B SE A A IR, R b T D bR
SUA AT oy EIIAAIE, T HAR R 2 5 AR AR . KA (2-15)52-16), AIf3
(O +d2)/(DF —d2)+ > 1—pss BN Gi>Goer [RHLIEBHRLSUR R /N T L AT SESUF R

4. FEfhNIE

PRSM RS0 e ik ] & 2 48 VR A 5 22 AT BOHR REIR SV vl B fuh 8 5 B A AR T 1) L
B, RIS /5 B0 F0 o 1 P42 T i 1 A, LAk R T2 4 i T A D) TV
47 T PRSM ARS8 S [ B Ay, AN SCHITRIE FC IR oA IR 28 Ao A 2k 174 F) A
5 S5 AE A TS 1R, R R R IR U R A AR T A5 AR B2 U 1) o BB PRSM il [
AL Z 5 & 3% MRESUF 5040, 18I Hertz $2it A3, FTFIRSUF 14 [X 35
FEVE A B AT N A & .

5:5*{3& [(1—ué)+(1—ﬂi )ﬂmz_/? (2-19)
25p\  E, E, 2

e

5—— PRSM BREUA 1 [m 2 A A2 T /mm;

5 —— 5 Ip XIS

Tp —— PRl ot i ) o 2R pR 2

O TN S AL, FAH S ot T ) il 2 22 BB L F(p)AE oG, mIiEIT Foo)MME &R
BRI, Xp AP AR T 3 iR, PRSM MR SUF S T s () e i i,
S W B 2 R R AT L LB A AR T I OB S A, TR AR A (DM i TR 7 R T
Gy U700 AT 3K i, B T AR W FENZES 7 WA AT A, A STRA F
9.

Fo A2 P AR SUA 2 8] B35 [ P i 8, T Je o g 2 s SR 901, R

F=F/ (cosozR -cos(é?/ 2)) (2-20)
A
Fn PRSM RS2 A 42 A 45 faf /N5
Fa PRSM RS #Auf /N
OR A IESZ e f/°

0 —— PRSM I2ZU K Rif/°
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PRSM V& HE 5 22 AT S MR RF AR T AE il [0 1 73 B v] 2R 0N
Oxro-asial = Oxre-normal * COSAR 'Cos(e/ 2) (2-21)
X
X—— Thw, BUSEUN, 20 nFa QLT aiigii;

OXRC-axial RIS 2 AT MEBHR AU B b AR T Sl 1) 73 B /mm;
OXRC-normal @5*55 ﬁﬂ:/@%iﬁ%ﬂ?/ﬁ r"il T%ﬁﬂ@?%/mm °

BRI, PRSM VR AT 5 22 AT R MG RRIRE U 1 Al 1v) 42 it W1 B2y -
F F

kXRC ) §XRC—axiaI ) 6XRC—normaI “cosag - COS(Q/Z) (2-22)
e
kxrc PRSM JRFE 5 2241 . R BHRSCF il ] 43 i Wi 5 /N/mm .

223 B FHaoHitERE

2T PRSM WESU B NI . WRSCF WI B S MBS B2 fil I FE AR Y, %57 PRSM IR 4L
FRRAT AT EAERL . LUK 2-2(d), PRSM il 2%, L2 AT 2R 8B BE 2 HoR 2 A1,
i 2-5 frow, kUM e, A0 E Mg, TR B M, A0 2de
Ui o WRRF 222G K SZ PRSM Fli[a) B0 AT, T 22 AT 2 2% vl ok S $3 il 7k S B PRSML 1952
FEENL. 4h, X PRSM ARBIRSUF AT T, MRS AT JOGRERE A 0 AR R S0 A 4
HR N L2 AT 22 25 B 3 R 7 R P dadn 5 . R, B AMRSCT 758 1, A0
WRSCF 58 30,

VEkE MR B A Fouppliea

e inm W

K 2-5 PRSM RS0UF % 57~ = 18
DA B B3R TN 220D . AL MR BRI IR SR BN B SR AE S 2241 . WERER S B
IR, DIARSE RN LZAT . A SRR IR SO NI . an] 2-6 B, VA 224 B+
Rz A A AH 218 P 0 Fz AR 2 4 J MRS B A B — AN R, PRI B P MR ST Hfi
XF, TEMRSCF B i) o EAEH T, PRSUT B 12 fid s 2 T i ¢ R .
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(iRl N 2 e S VA7

LR
o ki
ki e

R i RS NI

o - o 2
Mwﬁa\\ /X/ (b %)

|
'\/ HeRIFE

! e
N

p—

WL F 3% fie %ot
B
K 2-6 WRSCF MR E R
DL 2-6 BT~ BIMES 2 PHES AR, EE7 PRSM fE S 2eds, 224155, WEREs24n
RE T HEAT A TH R, ] 2-7 fis. HAih 3 X5 % JIRES T PRSM RS
AT o3 AT AR T VA AR A

K] 2-7 PRSM $RSCF % fnf 73 Af vH LAY

K 2-7 mh, Z2ATAE 7222 8 5, PRSM il A1 30T Fapplied it 01 192 BEAT i, AEHfT
TR T LAL SRR RS2 F) o AL SRR 54T n MELCF 2 578, R RN 5
LEALFERRIG &, LA 2n MRSUF 2 57KE,  FERAE AT R 5 R AT R R b ) 23
BT n-1 MRS A3 WAL 2 deim TG, XHRECE . A L AL S R AT IR B
BAIRLCE e, DARZZAL VREE AR B IR AU B AT T o Fxri R 22 AL B0
BE )58 | S RSCF B RMRSUS #ifar, W NIRSULF b1 38t i Sk R oR BT 2 MRS 3 1Y
Ji TR} o WRBELS 22 K153 53] 52 B 5k 7] 48007 Fapptied 5 22 AL 22 i 7K 1S [ 77, PRSM AE 7 [7]
B HIAE L 73 N IE 25 T3 FHTIRES o
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BE AT R LALRIRSUF B o A v HARE

2.2.4 YENHES Z HETR S
EANTIBSUF I N IS T DR 5 B2, %F PRSM ZK#R 5 2241 . AT S IERRE 4 dh B
(1152 71 58 AT 50T

1. WRSUH B2

PRSM 7R3 i, FLZZAL L JRAE SRR IR Sl B UK AR 52 i ) 380 o 224 S 0B
BERY R BT 9 WL B p i 22 B B A IR U BT (S A . (A, 2247 2 iR )
PRy b B 28 Ay B 2 e B S A 2 e R S T 06 K, L& o — N B (R A B B 5 PRSM 41
BAHAE. M 2-5 AIRD, 22 ALSS | Nl B R A B A ROy

Fo =F FSR,. i=1,2,n-1 (2-23)

applied
j=1

A
Fssi ELRLER | AN B T 32 BUEAT /N
Fapplies —— PRSM HLANRAT: i 32 1) il 171 484 /N
Fsrj LLRLER | MRSUH P 5381 /N
[FIBE, FIAFURBESS | ANl B )l o) 2 -

Fusi = Z Fug i=1,2,---,n-1 (2-24)
j=t
A
Fusi WREFSE 1Bl BT S Bl B AT /N
Frj WRBESE | MEREUT T 52 3l R AT /N

H T RAEIR ST [ 5 AL AR RHRSUE A e, #8220 S5 R BHO RS0 2
w7 A B, I B 2 JPIRES BN R 2% . 34k, BT PRSM BREUF 80 70 A1 R A
BAE B TIWGSIRAS Wb, RAE Sl BAE TAF ] GRS RN /7, R BEASE IR /T
HT P 2-5 W], TR AL A BT, NARYE H G 5 Oy Ar A i Koo ml g AT v B, IR HAE
T LA SR RFMMRSUF B KRB . BRIk, RAEER §NhB I 32 3 AT s

Li/2]

D (Fugi = Fs) + Far(iaon i=13,---,2n—1
Fesi =1 1a (2-25)
Z(FNRJ Fori) i=2,4,---,2n-2
A
Frsi VRIS Tl B P 52 A B AT /N
FrRj VRALIRREZE § AN RRSUA It 52 5l 7] B ART /N5
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Fsrj TRAE LTINS | NURECH P 52 b 17 2847 /N

Lirz)] —— /2 B,
HEEZRZ, Mi=1 B, LizJ=0, BB, Fsro 5 Faro BUEIT A 0.

2. BRI BRI
PRSM 24T\ VRFE KM BHR S BRI AR I, Al g Hoh Bradonms Jz HoAh B BESRAS .

H202-23) A0, 224156 i ANl B )il 1m) 22 T & 9

Fapplied - Z Fsri
Al = 1= i=1,2,---,n-1 (2-26)
kSS
A
Alssi 2R 1B B 1) AR & /mim;
kss 22 KT 50 B W1 /N/mm
[FEE, HINQ2-24)7T 51, BREEEE i ANRE R R AR T BN
iz FNRi
Al =3 i=1,2,---,n-1 (2-27)
kNS
A
Alnsi BEREER i 4 B 1) AR B /mm;
Kns WEB] A B W BE/N/mm o
i E0Q2-25) 7 50, AR | AN Bl R AR T BN
Lif2]
Z(FNRj = Fsai) + Fargia
=0 i=1,3-,2n—-1
| = kRS 2-28
A RSi T I_i/zj ( - )
Z(FNRj - FSRj)
1= i=2,4,--,2n-2
kRS
Alrsi VEAESE 1 A0 B 3l [\ 28 & /mm;
Krs VR B W BE/N/mm o

2.2.5 BN F AT REX R
PRSM /RS2 #2241 JRAE BB = F B8 F A B R A K., B4

AL ESCRRB F1R)AH <8 1 6T S AR SO T RS — > PR, AT DAY ) 78 2 2 2 A2 A2 A P i
KFo Bl 2-8 Jyifi AT W ¢ J AR R IRSUF PR E AR 2 804 I AR T o
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Prt+ Algsit Algsin
. Py |

A lgyi ,,.-":
Fxgri ;

v “p
/Fxrix '\A /
D Inting I 1. RXCE

ANWWV\AM‘ A Ini

Py
Py+ Alyg;

A Irxcivi j:
v

2-8 WREUF AR UM R RO &

K 2-8 i, | RoRIBSUF P55, T B AARHBL. T ARURIRECE . C AR il Hertz
N, AE TGRS A2 X R ARSI . 58 LAAT . FRAE SR 2 |
TR BOYELER | NS5 i+ 1 MRGCE Z IR AR, Sl 958 T MR IR Y R 82 B Bl
LALIN AR RGN, hei XS R AIA RIS S A DARAEIR BEE A N oa B, w15
55 1 MRS IR BRI AR BT

D i = Al + Al + Al gy, + Al (2-29)
FAVAR
Zlni FRAFAREEES i S PHPE N il A) 6 A2 T & /mm;
Alngi WRBEEE | ANl B )l [A) A2 T /mm;
Alni WREEES | MRSUA 1 4 7] A2 & /mm;
Alrnci FRAFAR B ES | MRSUF Wb A2 T & /mm.

TRAL IR BRI | MRSCE A PR EE AR S A

D g = Alggy + Alggy + Algr + Algr, + Al (2-30)
K
Zlri TRAF AR EEMEE § > PP PN PR AT il 7] 0 AR T 2 /mm;
Alrsi VRAEER | ANl B ) Bl 7] A2 T /mm;
Algri VRIEES | ANRSUA 1) il ) A2 TE & /mm;
Alrnci+i FRALIEREN 28 i+1 NMRSUF kA2 Y B /mm.

RIEZ AR, A:
Po+ D i =P+ Iy (2-31)
X F PRSM 2241 &AL NWREE, FHSEEEAHSE, BJ Ps=Pr=Pn. XJ30(2-31)3H4T4L 1,
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TR BRI, BRECE W S I EEARN LR, 15

i—1
= Fou — > Fin
Z " + I:NRi I:NRi Z Y JZ—:‘ " F

= —Friat N _ il 4 NRiH Fui - Fari - Fiia (2-32)
kNB kN"I' kRNC kRB kRT kRB kRT

RNC
NQ2-32) i — B A N M ERIETE K
r T
e
Kk +2-kz, e
: i—1 '
Kok Frioi
-|- .
NS RS Fur
ks + Kyr +Kyac +2Kas + Ky Furins
- krilT - kl;'}' - klilRC FNRiJrz
0 .
: n—i+1 ‘| Fyrn =0 (2-33)
0 Fori
—2. k’;é :
. i—1 Forioi
-2. k,;é Fori
=
_ k;é 5|?|+1
0 F'
: n—i L~ SR
L O J2nx1

PRSM IRAT AT 3R M MIAT — RS HFR AR S AR TE G R, a3 3](2-33)
EARIA R R AR, PRSM IRAELZATHEM N 5 AT R BHE A M3 AT 2(n-1) MRSCF
W, Bk, FTRUSH 2n-D)MEIR2-33) AT T 1. S14h, A2 ATE i 5
TRAL IR BE Ak M) iy 32 38007 55 1 H % B T IR SCE BT 2 8 K g A, BRI

Z I:XRi = I:applied (2'34)
i=1

Q-3 A AR IR, WAL PRSM RAFIR REZ Al (] 172 0 -

l}j 11,00, OJ ) [FNRU Furas s Fures Fsris Fsra FSRn]T = Fapplied (2-35)
~—

%,_/
n n

(2-34)7E PRSM V& F: 22 KT b ) () 2 5 T 280N
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lfh 0,---,0, L1,--, IJ ) [FNR1> Furas s Fues Fsris Fora Fsrzn]T = Fapplied (2-36)
ﬁ_/ T/

4 m=[0,0,-**,0]1xn, N=[1,1,°**,1]1x, W (2-35) 2 (2-36) 7371 7] 5 Ay
[n,m]-f=F

applied

(2-37)

[m,n]-f=F

applied

(2-38)

44 PRSM JHELLAT U R HokE B BF I 4 50T B (2-33) B T W 28 38 5 2-37) 1%
(2-38)& 7, WS

K-f=0

[nlxn|m1xn]'f = I:applied (2'39)

[mlxn|n1xn ]f = I:applied

A 435 PRSM REUF A A B B 5 FE 4 -
A-f=b (2-40)

GV ER

A —— PRSM BREUF #ifa7 43 A1 Hi B 5

f f=[Funs Fums > Fagns Frs Fot = Fon ] » 29 PRSM MBS F 4507 1 2+

b—— b=[0,0,-0.F.F], Jy PRSM i 53 A 56 ke 77 5 1) 8 500 1

PRSM $REL A % A 43 A1 V-1 FE B AT 7R N
A, A,
A, A,
c, C,

A= (2-41)

2nx2n

Q-4 AR A B BRI, Hp s —A7 558 AT 70 iR B0 5 2241
i A5 S A AR T B R T R A ks 26— 4145 58 810 03 Sl AR R AL A 22 AT N ) 42k 7
SURBHI (8 7 SR R R R AR R, BRI . BSUF AR S HBAE; Ci, G
W7 t 3 0Q2-3) A 1 73 BRIE RS, R IRECE it S AN S PRSM AR T 5¢ &

HI TR A AR L, FRAT L AT FE Ak M SR EH FE Ak M PE Ko -5 TRAT MR B2 Ak 0 02
LU LM Koo A2 B AT AR, DRI 7 R (2-40) 2 AR 2k M T e . A SR A
2-9 PosisARUH SRR N (2-40) T4 4B RE T RS, X PRSM BRECF B o0 A EAT 70 7
B 5eMB s PRSM IRSUH 8 A S o A, THEL A S BRI, eI, A e AR
X REUF AT AR NI EE IR 7] o K-S A B A AN R T BB AT HBR, 1981 7B sk A T I
BT A o PR SR HH RIS BT 20 0l T B X BRSO (R I i /0 AR I
R HARNER G2 RAERE, FFREAT B UORME, WbEk T S REAHRE, B ERY
F AT K PRSM RS 3 i 22 IR B (I (k)-F(ke-1)][<107°, 4 il 2 bt 26 AFJm, B
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55 k RS RJ9 PRSM BESUF #fif 73 A tH A5 R
Y1475 FE

K-f=0
[nlxiJ ‘ mlxn]= anpiied

[mlxn ‘ nlxrr] = Fapphed

v
kzla f(i):Fapplied/(n)a ( Izlszan)
]

ST IREUF B T AN BE . RGN E 5 #2152
BT R R R FIK g
¥

T
K fn =0
[nlxn ‘mlxn].f(k) = Fapplied
[mlxn ‘ nlxn]'f(k) = Fapplied

k=k+1

|1 fk)—f(k-1) [|<10°

E
e

A 4
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K] 4-8 45 i PRSM 72 84 Jo VAT IR S B R T &, 2561 4-5 Al A1, IRAERIELZ
N, BRI ERDN, &RELA 0.06um. K, RERESCHERA L Eix
INT AT SIS RHESU BT &, HIHAE R B /N T 24T 5158

G565 = FEX PRSM BESUA BT 70 A I S B BURME R T 45 R, FH K] 4-5~18 4-8 AT 1,
2o T GUERHB S B AR T %) PRSM B0 #7490 A e - B g @R H .

3. B R

PRSM 22T V&AL SR EARE 5, HARSU B KA A BUE 4628 T8, I BARSU
BB AR S 3 B2, it 0(2-23)~0(2-25), TI1S PRSM ZZ4L. IR LG RHIE
SUHI B SRR R AR

i
n-1 l:alpplied - Z I:SRj

AIsume :Z k = (4'23)
SS

i—1 n

2n-1 4 (FNRj o FSRj)+ Z FNRt
AIsum—R = = = (4_24)

= Kes

Al = (4-25)

X (4-23)~(4-25);

Alsum-s 22 ATHRSU B RARAL Y B /mm;
Fapplied PRSM V&R 107 /N5

Kss 22 FLBRSUA B B /N/mm;

Alsum-R AR EU B A AR T & /mm;
Krs AT IR S B I B /N/mm;

Alsum-n R BRRESUH B R AR T B /mm;
Kns R BRRE S B I /N/mm.

FL b, EORZZAL R R 0 Al B B i K HAR SO NI S BRI, H T 22 4L
LR RHIR U B I 480 52 2 BR S Bar (10 3N, I HL A BUA TR AE Bl 100 2 AT RN A 2
Ry G L AT SR BF A B R DA S B ERECE IR AR IRR AR AL, DR e B AR I
X PRSM BRSUF 8 At 43 AT s AN 25 B . 5B B AR LG, IRSCF R S5 SUF
A A AL AL AR S Ak ) X I B MRS R AR AR o BT LA, IREU BUAS TR A
RS Bt AT B 1 OE MR . BRI, IREUH B B A — e R b ek
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[ B SR R SRR, DIk, O 1 SeE # o A, 2EE I R IRAE 5 22 AL SR B
RS MR ES RAME AT SR RHRSU BOR AL A &, (45 B 4-6 51K 4-7
P 2K i 28 R LUE ST T ELk

4.3.2 PRSM $2EE ILAC &I 554

BT AL 3.4 75 PRSM B2 PR 1R ZEXHRSUF 87 40 A B s A, wT DUIE S e n T
AR E IS AT TR SRR IRIR R R, DASURIRSCT AR MOIRES, AME L2 AT
S B RHE S B ) EAAR T, M SEE PRSM ¥t . MBI ERE, 24 PRSM
T 70 0 22 22 - 22 AT SZ RDIRAS I, O T AESRSUF B 70 AT R SE N3 5, VR AT 22 AT $ A ]
A LALESZ 3 K AR S % RIS FE R K, DARIMZIREUF B2 70 AR, k52 77k
NIJRSUE o N FRRR R RN, A KAZBREUA BRI )0 0P TRAT R BRI i 4 5 22
FLANILFAE S, AT {88 PRSM BREUF #ifar 73 Afi el A4 ik 2503 53 17KF . BT IRE0E
7S H) PSS, TR T A IR R M T 5, SIS AR B KT 7 Ah— b IR
PR/NER AN o BRI, AR SO TSR AR ) F 02 DL PRSM #8047 431 o

1. SBSUF RS

A =TT PRSM BREUF #imr or AT 9T, 30225 T2 PRSM ZZ4T. &K
WEREF RIS, EANHE FE A B2 R R (AR S R T . i, PRSM Rk 54
AL RHR ST RS WK 4-9 Bk .

w0 S

Kl 4-9 PRSM BB 2 ACIRZS (CF B AH [R1B)

b, AR SUT 5 AT B RRR SR 75 N [F] I 2, = RS S A7
WRRAR
bs +b, =P,=PF; (4-26)
A A
1AL F )R /mm;
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Px 22 AT MR BPR PR /mm
Pr EAE IR ER /mmo.

MVRKAE S 23T BB R F RS BN R (CEEONIEER 5 R 8D, HABSUF #fh
IREWE 4-10 Frs.
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M 20(4-26)38 K
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K

¢ —— BRI 22 AT MR RHRSU Wi & 18] B /mm;
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2. FRILEC ¥t

H & 4-8 58 4-9 AT %1, PRSM Z2A4T. R SR RHRSCF RURFERS, HATGHEfR
BeRAEAL, THESUF AR S EAE PRSM BBAUF Hifm o Ai. Rk, FRiEd s
PRSM 240 T A (FHE RS2 I PRSM SELSUF I35 1T

XFLLAT . TRA: S B REHEAT IR FE VLR Beit, B = 8RR S AN E e, =4
KA F R EE AT MG A, T OO AT AR AR S o @ iBFRCRC 1T, 1k52 71/
WRSCF e, 152 1 KIWRSUF Ja4efil, 15 )5 mE G RS 18] BE H — 7 I ) B Rk
22 KT SRR Ak 5] AR TR , SXARE A PT DASE A5 2807 AN 70 BE 50 50 o BT 22 AT IR ER R Uk 5 PRSM
S, B, FRIUTEC SO SCR R SIE R RS X B RAMOR RIS 241
PR VT AC BE T 73, B RE SR AR VR R .

N T RE G R O R EE AN [R5 20 PRSM BREU Toikms & LA s [ 8] B R R &5 1) /L, 75
BARYRAR IR S A IBRSUF N, SRR B SR AT R h . X AT R A T
TF B SRR [P B X T8 7 W B I AR /N o O T AR AL 5 2 AT R IR BE A R B L
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{IyRT CAME &, TEAERREUS JB NAZ 3 2
by <P—h, (4-28)

(a) 221240

4 PRSM Z VIR N LATZ R, AIRSCF 8def /0 A3 5, Tl AR REE R T2
FLOBPE, DAAME 22 AT BRSO BOR B kR AT . R T S n) (a1 BRI K, 55T PRSM
LORT . VRAFIRIE JIEAFIRSUF N, WHRARIRSUF AR b F R AT ICRC 1. B 4-11
N PRSM £ 4T 52 3z I VA 5 22 AT SR 40 BT AL B 115 ISR ST Wl dh et 2 B

P N —

K 4-11 LA R RSO RIVLEC e it s B B (TG IR 2D

HIE 4-11 PR, HRDRZ40it, RAEEREUE A MRS . IR L RC e T3 R AT IR
PRORT22ATIR R, JF HOW 7SR 5 AT IR PR AN R 5 00 T B2 e B g 1m) Bt 3
XHRFEIRSUE USRS IR AU AR AR SR UL RC Be Tt (A3 22 AT SR AEAE 55— KR
U ACAE A A, 0SS n RHRSCH A k. PRIE, BREE n XHRSCF AL, WA S 2
FARSUF VIR A A —E M A B . R, £ LR A ML 73T, 25 PRSM 7K
B, REERIEE n MRSCE B e TR AR I A&, 1 H A K A WA I AR I F R k. 2241
KA SR ARG, HABBRSC RO aa %A, AR R B tim T ia £ 2 e i ia
WG R, MRAE S L2 AL MRS W 00 A ) B 12 A B i 891 [ 5 S S8 T 1 K TAT It
S5 T8) BRI B AN T 22 AT 3l R AR T, PRSM BREUF B At 73 AT A 10 545 31 253

RAEE 4-11 TR R ARTIR, 2A02 RN, RECF ML e, 205K
FEAREUF RS HURAFAE I T R AR

P — P =&gs (4-29)
(n=1)-Py +by =(n—1)-P, +(P, —by) (4-30)
Eps = i _nb_sl_bR = nf_ll (4-31)
A
Pr FRISHUCEE BT Ja AL IR EE /mm;
€RS AR 5 22 AT 08 HE 2 /mm;
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n—— RAIRSUF ML

] TRAE 5 L2 AL 55— RHRSUH W 5 18] B /mm.

H(4-29)~K(4-30)H, BREEVCRC BT Ja R AL IRRE Pr, IRAE T ARAL T B 5 AT Z1H ens-
BALIREUF HARAE & e BN AR FIH. T2 RULAC i A i 25 H K2 PRSM #R4L
TR LI 3AT, PIET TR e 5 LATREU BRI )R AR B 4-11 "R, &
FETRIE S L2 AT S — XN RAUF AR AR B A WA 5 T B, e H 0RO 7 AME 2 AT IR U BUK
Ja A A RARARTE .

38k, BT RRSUE BT AT A S, AR BN ARBURSUE P A R A
AT, 17 HIRECF Boar I 210 AT, BRSUF AR R ATE R . Ak, S RO B
TR R 5 B BT RS AR X 3] o RIVRAE 5 22 AT 58— X MRSUA 7 Ml a] f2
S HIBUE, NI R L2 AT IR AU BUAE 26— X IRSUF e R, DAL TIRSCr
Bt o A A G IR ST AR AL . (R, #2580 = 2 H 3t

Al s Al g + 0y — e —& =0 (4-32)
e
Alsum-s VR L2 AT 55— MR SUF Ab 22 AT Hif B BRARAE T /mm;
Alsumg VRAE 22 AT 55— MRS AR A il B R AR AR T /mm;
Oactl A5 22 KT 38— X R SUF A A2 T /mm;;
Jave BT 1) ) 43 AT I RS e A AR T /mm;
& RIS 22 K56 — WHESUF 4 18] B /mm .

(b) A2 )%
2 PRSM 52 JPIRES N LAL 2RI, 75 BT A R B /N T 22 AT I8 EE , FEXR A A
RS B AT LG 0t DS 20 4-12 PRI aa ks .

/a

4-12 AR EIHRSCF RILEC ¥t /s S (RIIREAIRES)

RAEE 4-12 P &0 R, TR H S SHRNCRWT
Ps =P = égs (4-33)
(n—1)-P, —b, =(n—2)-P, +b, (4-34)
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_ P —Dby —by

P (4-35)

ERs

STz Ri AR, 30(4-35)~30(4-37), SBFEUCELC &G R AR ISR Pr, AR
WIF RS 2T ZAE erss WRAEIRSUT R TR b BIRARINEL, TEARYE 24T SRR
HE RV TY SRS A T AT RAFE, HOk G 2 02 hinl M E, AR

ERERRZ, HT PRSM EARFEZ RS T, AT SIERHESU B AR TE 7 AN
A, DR HAE R VTR IR A E ] o P 4-12 FrossRBR FUAL 8 vt mT BASK 38 2247 32 &
I} IR AT 20 AT, AE WHERAE X FPUCADL 7720 N PRSM AR S AR N LAT 5240, MRS %%
T I3 A ANE) 2 LU BB R VLS 2 BT A B8 A07™ 25 . PRSM 7ERE 228 TN, Brlfbtu &4
KL 52405 22 KT 52 JE PRl 32 S0t [RI0E, SEERPCHD Bt 77 20 R REET 6T PRSM 4 5 2235 75
2T B L AT AR 2 A
4.3.3 PRSM #5i& 3t

PRSM S0 it R E R0 H & RAL T S 800, DAL E B 356 115 3)
K& #E R . PRSM S BEAFELAT PR, ZATRERE. RN, B,
WRSUF RS H . RS ANE BREAME . A R NG AR S 555 . PRSM 7R #kAE /1 3=
B AT EYE, ot EE IR geE, Hik PRSM S40& I R ENXHA EEHS
BOFIEHAT . B R AR B 1B 2 AT 48, IR R G IE AR R 2 LU S AE
N HIR, BT PRSM ALBNEESR . WBSUF #ins 73 A A 35 SRS S 05 vHHE T S5 X g
PR RARSCE N BT RO . IS, AHREESME . IR NGRS TR RS
ZERSBAT T o X e B BT PRSM HEATIESUF 340 0 A 20 M, Rt & S0k it
&3

NSEIL PRSM BBEUF BT, FXf 58 B2 W iE 8 PRSM P i i AT BB SUA 34m7
IIATGI BT SIREUA RL I Wit s Bk, JET A — & g v B AL AT IR SUF B fir 7
AT, 132IFIRESCF 8idar, AL AT IR R PR S B AR Y & KR SUF #f AR T 4%
HIR, 454 PRSM Wil /= R B2 JPIRAS, BT AT 4.3 45 pngs iR EEVC B e vk 7
W, R HIRAE JAEREF RGIATICEC B, T AR M ULEC & S PR AT SR BHE ST T 2
o WE, B RIBLUF RULE ¥t 5 1 PRSM S8R NBBSUF 4 /0 A i SR, H
UCHEAT #amg 23 A AT, 36 UEME R VT AT B AR .

PRSM ¥J# 8 1H ot TR A SR REF B S AT AR A o g R /D, X
NARXEF PRSM Z5 M N ~F, 22 AT L R AE KRR S0 B AR TV S MBS B A T e 4
BN FiAh, TESERR PRSM AEF= N Hr, 2241 A S WR RF SRR S A4 AN Ak o A7 72 U
SUNTARZE, AR =T 7 a5, M2EER 2% PRSM B2 S0 #am7 43 A B 1R KR
Wi . [RItL, Sl PRSM MRSUE #fe 70 A vl 4%, MU EAESHR B B & 451 24
BT A ELE TS A, HX4F PRSM B TIRSUF TS HUC R Wi, I T 70 2R 7= T f2
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S LR VAT W B = 2% T TN S0 T R 1 i 25 AT PR AR AR
4.4 &4l

4.4.1 BB FRISERI%

BT AT 4.2 AT M ARSCT RS HORTHEN], XA SCEE = F K 3-1 Frdh PRSM
BT S H % . PRSM 2241, &AL KIREEA RN N GCrl5, F HON 1 Fgm AT 3l
5O, (RN LA ZZAT . A RIS RER ATV K b, FLERE — A SSHRC A5
AR A, R, GCrlS MRMLRLE R IR [0p]=2073MPal' ), T H 41
B FE AR R 1

[7]=0.5 X [0b]=1036.5MPa (4-36)
i

[Gb] PRSM #4 Byt i A FiR/MPay;

[7] PRSM #4 R8T 3 52 4 FR/MPa.

¥ PRSM S5 ZH SIRSCF S HMRN N (4- D)~ (4-4)TH 5, THRAA R ZAT, B/t
JWRREMG 52 A, SE IR 4-1 For

K 4-1 PRSM ZAL, VRAE IR BHRSUF Wi & f

T BRAUF MG A
A1 10.295°

VR 22 AT e fb 30.275°

VR AL IR B Ak ] 39.402°
R B 8.193°

203 T H(4-5)~K(4-7) L (@4-18) 1T 5, 743 PRSM BESUF AN R AT TN &
RS B 3 i e AR MR ST e KAk, 45 SRk 4-2 Fios.

AR 4-2 PRSM SREUF i FEA BR80T K43 fik Jet A bR PR 88 Ay

s F W e B 9m TS R WRE S iz i Jee R
o e KA Anf e KA A e KA fnf
2241 4362N 5155N
426.7N
VEFE (L2 AL Bz ) 4271N 5048N
TRAE (RERERE A ) 5779N 6930N
655.9N
BE R 5559N 6570N

Fi, B (4-19)5 K (4-20) 7175 PRSM BR2L0F 4505E A f=426.7TN, WESCF W R
AT fmax=4271IN, I =270 %0, PRSM TEH M E07H 9 S0KN B, HoyabE 2413
fl MRS e KA AT N 283.21N, RALMERRZ AR SO i K3y 194.33N. [Alitk,
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4.4.2 PRSM ZFFBYILEL i it

NIGUEAFE R H K PRSM BRSCF RUVLECL B T 7 12550 e MR ST 2 dnf 70 A A3 30
FHIR, I =23 3-1 hr4s PRSM M, Sf IR kE M@ 8EE AT F B UL AC 1
FEHEAT BiAar 7341 73 B o

BT A B @ 57 PRSM MRSUA BUAr 70 AT T BT, X AR AT BRSUF T UL B ik
TH) PRSM BEATRRSUF #4743 A1 43 M7« 32 4-3 25 HAE R BT IR SCF ITRC 3211 PRSM 2
SUF #ifar 3 A A O BRI S

R 4-3 PRSM BRSUA #5407 70 A A E RIS

el I KIRGUF B A B /INBRSUF 8 A BT 53 A0 AN R AL X ]
AT 22 AT H b 283.2IN 120.43N [0.723, 1.699]
TRAT MR BERE b ] 194.33N 159.15N [0.955, 1.166]

BT AT EE R, 115 PRSM ZAT . Bk ISR B BRI, Frfaas fin
% 4-4 Fros.

R 4-4 PRSM BREGU 3 73 AT AN R S By R AL Y

PRSM 240 Z A4 RSB SR AR T /mm
22T 0.01513
B 0.00287
e R 0.00675

RIEE 42 Fr AR, B TAERE N PRSM BRSUF RIVCEL BT 57k, J#EHATIR
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Kl 4-13 s

70



FWE AT ERMELALRIRSUF BB Irikm i

1.8
. —o— AATM-RHEDU A B i
\ —o— W RE R R DU AT B
fé L6 & -0 - LKL -5 H AR S0 A
pu —o— RO -5 G R 52
lar Ny
&
R1.2
=
§ LR .. S
> I Yo.q
%0-8 O%OOO'O'O-OOO
0'60 5 2:0 215 310

015
HAEMRECE 1y

l.
7

B 4-13 AUKHRFEAERE VTS J5 ) PRSM %167 70 A

WK 4-13 Pros, AT BILEC & TH S, PRSM AT 22 AT H2 Al M W S0 F %5 fnr M B
W B T PR AR N Je i/ N RS R, BREUE B R A 283.21IN [#AIK 9 197.29N,  #ifif 73
A R EX T [0.723, 1.699]14/ N 2 [X[7][0.893, 1.184], KA FURSUF #ifar 73 A ELIR
PRUCHCBTH AT SE NS 5. SR, FEVRAT AR BEREAM, SRSUF S KRBT A 194.33N #2504
223.26N, AT AT R BUX A A [0.955, 1.166]17F K N IX [A][0.792, 1.339], PRSM #24L
TF 8 At 53 A B AT RS F BLVC BC T AT 0 A BE NN

EAF RN, EXNARIBRSUF AT ISR ST G, AR R BRI 1) SR SUF 2 At
AT RICHC B AT IR A, X2 AR SO BT RE 15 FR AR MR E K T
RERRBE T BRI o PRI AT DAY, AR AT 08 PE 45 T 03RRI R 3 K F AR L i vp, — 2
A A RO DUE AR AT R B Al R S B far 7 ATk B B 355« TR A S E
S, IR TR T BN IR RHE S B S 4 AT IL R ¥t

X7 PRSM MR BERR 40 o A 2 4 42 WG A FF 00) 7 5 b AT UL RC i 1h, TR A48 by =
1.1437mm, er= 0.00015mm. [F Pn=Pr— er=2.00036mm. *FiE{7 T BEBHRSF T
BC LTl J5 1 PRSM AT BRSUF #ami o0 A oA, 45 R Kl 4-14 s

1.8 - o - ATON-EERY . BRRFUCRE B IS
Q —a— R . MR REVL AL
16 - o - YKL AR A 4 A
W o —o— BB BAERATAM G
gm -,
e ®
ﬁl.z » N 2
ﬁl.o =
& ®ee0gee oo’
Y %o,

-%’30.8 0%000'0-0-000

0'60 é 115 2[0 215 3|0

10
WFERSCR 75
K 4-14 EH: 5022 VLS J5 1) PRSM %07 40 A5

71



LRI IR 2t e A T:3E

(HFE 4-14 FTAL, AR SR B FIBIEUCRCR, AL E 44 R
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BT DA B FriR X PRSM IR AT S MR BHIZSCE B S8 ILEL v, F— IR IREUT 248
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AT S L 2 5 SR PRI B AT AN AE , R A B TR fd i IS T S 800G 0%, M xR e 5 o &
(R R A A IR AU M, PR IR AR EUA 5 22T MG BERRSUF (1) 45 ik et i o P2 A PR
WA . WTURAE, T HIRSCF B RERRAC, Bt HIRECF i 2 5 V)5 i 5 2 th i e
(1) B KIRSUF AW A FEAR . XTI B, WSO JERE3G N, (R b SRS 3 A2 35 V) o
T 5725 5 5 ) e K IR SUF B AT B S B L B 2 AU A 3 0. Rk, F A S 4T %
5 ) PRSM WZBR AR E A JIFEAG . B2 T35 4-5 thay VA AT BB S0 F A 4 i IR
e R, 456 PRSM 25124, 11H453%] PRSM #UE #4047 / 128kN, Rollvis
a5 N R 2B PRSM 7™ i 80E R 800 103.6kNI8, - — R 220 23%.,

AR, TN PRSM B SIREEFATIRSUF S EIN LI T h, DO 24T I8 &
BERE = 2 FIMILEME B RAS s ML AT . VR AE SR BRI SU B AE A A2 3407 ) (1 1m) SR AR
e, AL R PRSM BRSUF Bifur 70 A AN SIS o T 22 AT S S8 REI) iy ) AR T 4%
N, —BONTCK S, R, %F PRSM BRSCEALE N RS B3R HY T 4R B B SK
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B AREE =% PRSM IRSUF s A BBURIEWE 7T, AR E AT PRSM MRS 13
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WRAF A€ T 5 IR PR BT T 5508 HK, SR R AL MR B ATIREUCF RS
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1. 2T PRSM BREUH 25 il 5 BY Do 2 2% A1 B Bt AR 25 A 19 BB ST € 4
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2. BT REIRZEXT PRSM BREUE #am 70 An sZ i HiAE, $2H PRSM MRSUF B UL
Wt ik, IR A S BRI PR K OF R UCEL BTt {8 PRSM 24T . A S MR BRIR A
TG RICRS A BT AME AT A SR BEAE AR 8 5 MR U B = A 16 AR TR, 1
AR ST AT 3 A0 A IS

3. T AR 3-1 o PRSM AT 04T, X A TE 46 IR S0 S 805 v AE ) S MG ST
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